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(54) METHOD AND DEVICE FOR DESIGNING ANTENNA 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an antenna 
design which properly finds an optimum antenna form 
having required characteristics out of many 
combinations for acceptable forms and does not need an 
experienced designer. 

SOLUTION: A method for designing an antenna 
comprises a step ST1 for dividing a two-dimensional or 
three-dimensional analyzing area into a plurality of 
elements; a step ST2 for defining the variables that 
describe the form of an antenna included within the 
analyzing area; a step ST4 for setting the form of the 
antenna described by the variables by setting the 
variables; a step ST6 for calculating an electromagnetic 
field pattern of the analyzing area caused by the form of 
the antenna determined in the step ST4; and a step ST7 
for evaluating the characteristics of the antenna on the 
basis of the electromagnetic field pattern calculated in 
the step ST6. The steps ST4 to ST7 are sequentially or 
parallel executed concerning a plurality of different 

variables, thereby obtaining the results of characteristic evaluation of an individual antenna 
having a form described by each of a plurality of variables and determining the form of the 
antenna on the basis of the results of the characteristic evaluation. 
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* NOTICES * 

JPO and NCiPl are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The step (a) which defines the variable which describes the gestalt of the antenna 
contained in the analysis field of two-dimensional or a three dimension, and by setting up said 
variable The step which sets up the gestalt of the antenna described by said variable and to 
perform (b), The step which asks for the field pattern of said analysis field produced according to 
the gestalt of the antenna determined at said step (b) (c), The step which performs 
characterization of said antenna based on the field pattern called for in said step (c) (d), By 
performing said said from step (b) to step (d) sequential or in juxtaposition about an implication 
and two or more different variables The design approach of an antenna of obtaining the result of 
the characterization of each antenna which has the gestalt described by each of two or more of 
said variables, and determining the gestalt of an antenna based on the result of this 
characterization. 

[Claim 2] The design approach of the antenna according to claim 1 which describes the gestalt 
of each antenna by making into a variable the group of the sign which divided the field which is 
going to form an antenna in said analysis field in two or more eels arranged in the shape of an 
array, and assigned it to said two or more eels at said step (a). 

[Claim 3] The design approach of the antenna according to claim 1 which describes the gestalt 
of an antenna with the variable which divided the field which is going to form an antenna in two 
or more eels arranged in the shape of an array, and expressed the existence of the conductor in 
each eel with said step (a) by the matrix. 

[Claim 4] The design approach of the antenna according to claim 3 which repeats said step (d) 
from said step (b) so that it may be completed as the request range by the property of an 
antenna using a gene algorithm. 

[Claim 5] a conductor [ in / at said step (a), the field which is going to form an antenna is divided 
in two or more eels arranged in the shape of an array, and / each eel ] — the design approach of 
the antenna according to claim 1 which describes the gestalt of an antenna with the variable 
which expressed the pulse duty factor with the matrix. 

[Claim 6] The design approach of the antenna according to claim 5 which repeats said step (d) 
from said step (b) so that it may be completed as the request range by the property of an 
antenna using a neural network. 

[Claim 7] The design approach of an antenna given in either of claims 1-6 which ask for the field 
pattern in an analysis field at said step (c) using the finite element method, including further the 
step which divides said two or more elements as a finite element in the finite element method. 
[Claim 8] The design approach of an antenna according to claim 6 that said step (a) defines a 
variable by using the finite element in said antenna design object domain as said eel, including 
further the step which divides the whole field surrounding an antenna design object domain and 
an antenna design object domain to said finite element. 

[Claim 9] The step which defines a morphogenesis means to form the gestalt of an antenna in 
adjustable (a), The step whieh defines the variable for specifying the gestalt of an antenna using 
said morphogenesis means (b), The step which forms the gestalt of an antenna with said 
morphogenesis means using the variable defined by said step (b) (c), The step which measures 
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the property of the antenna formed at said step (c) (d), The design approach of the antenna 
characterized by repeating said step (e) from said step (c) including the step (e) which 
distinguishes whether the property of the antenna detected in said step (d) is in the request 
range until the property of said antenna becomes the request range. 

[Claim 10] two or more conductors which have been arranged to the antenna formation field in 
said morphogenesis means, and were separated at said step (a) — with an element each a 
conductor — the design approach of the antenna according to claim 9 which forms the gestalt of 
said antenna by the connection element for switching between elements to a flow and un-flowing 
and the migration device for moving this connection element defining, and controlling said 
migration device by said step (c). 

[Claim 11] The design approach of the antenna according to claim 9 or 10 which measures any 
one property at least among the gain of an antenna, directivity, and an impedance, and 
distinguishes whether the level of any one property is in the request range at least among the 
gain of an antenna, directivity, and an impedance in said step (e) at said step (d). 
[Claim 12] The design approach of an antenna according to claim 1 1 of searching for the 
property of an antenna at said step (d) also using the signal from an external instrument. 
[Claim 13] It is the method of a design method of the mark antenna which designs an antenna 
using a gene algorithm. The space of two-dimensional [ in which an antenna may be formed ], or 
a three dimension is divided in two or more eels. The step which describes the gestalt of each 
antenna by agreement which consists of a numeric value assigned to said two or more eels, 
respectively, and encodes the gestalt of an antenna by it (a), The step which evaluates the 
property of each antenna of having the gestalt described by each sign which sets up the 
population of said sign and constitutes said population (b), The step which performs hereditary 
actuation of the selection and **** to said population, and/or mutation, and updates said 
population based on the result of an implication and said evaluation (c), The design approach of 
the antenna using a gene algorithm of determining the gestalt of an antenna with the property 
which exceeds the predetermined criteria of said evaluation by repeating said step (b) and said 
step (c). 

[Claim 14] A means (b) to define a means (a) to divide the analysis field of two-dimensional or a 
three dimension to two or more elements, and the variable which describes the gestalt of the 
antenna contained in said analysis field, and by setting up said variable A means to perform to 
set up the gestalt of the antenna described by said variable (c), A means to ask for the field 
pattern of said analysis field produced according to the gestalt of the antenna determined with 
said means (c) (d), A means to perform characterization of said antenna based on the field 
pattern called for in said means (d) (e), About a preparation and two or more different variables 
by performing processing from said control setting to the property of said antenna sequential or 
in juxtaposition Design equipment of an antenna which obtains the result of the characterization 
of each antenna which has the gestalt described by each of two or more of said variables, and 
determines the gestalt of an antenna based on the result of this characterization. 
[Claim 15] It is design equipment of the antenna which designs an antenna using a gene 
algorithm. The space of two-dimensional [ in which an antenna may be formed ], or a three 
dimension is divided in two or more eels. A means to describe the gestalt of each antenna by 
agreement which consists of a numeric value assigned to said two or more eels, respectively, 
and to encode the gestalt of an antenna by it (a), A means to evaluate the property of an 
antenna of having the gestalt described by each sign which sets up the population of said sign 
and constitutes said population (b), By performing actuation of the selection and **** to said 
population, and/or mutation, having a means (c) to update said population, based on the result of 
said evaluation, and repeating evaluation of the property of said antenna, and updating **** of 
said population Design equipment of the antenna which determines the gestalt of an antenna 
with the property exceeding the predetermined criteria of said evaluation. 

[Claim 16] To a computer the step (b) which defines the variable which describes the gestalt of 
the step (a) which divides the analysis field of two-dimensional or a three dimension to two or 
more elements, and the antenna contained in said analysis field, and by setting up said variable 
The step which sets up the gestalt of the antenna described by said variable and to perform (c), 
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* The step which asks for the field pattern of said analysis field produced according to the gestalt 
of the antenna determined at said step (c) (d), It is based on the field pattern called for in said 
step (d). By performing the step (e) which evaluates the property of said antenna, and performing 
said said from step (c) to step (e) sequential or in juxtaposition about two or more different 
variables further The computer program which makes the evaluation result of the property of 
each antenna of having the gestalt described by each of two or more of said variables compute. 
[Claim 17] The space of two-dimensional [ in which an antenna may be formed ], or a three 
dimension is divided in two or more eels to a computer. The step which describes the gestalt of 
each antenna by agreement which consists of a numeric value assigned to said two or more eels, 
respectively, and encodes the gestalt of an antenna by it (a), The step which evaluates the 
property of an antenna of having the gestalt described by each sign which prepares the 
population of said sign and constitutes said population (b), Based on the result of said evaluation, 
hereditary actuation of the selection and **** to said population, and/or mutation is performed. 
The computer program which performs the step (c) which updates said population, and repeats 
and performs said step (b) and said step (c) further. 

[Claim 18] The array of two or more conductor elements which do not function as an antenna if 
it dissociates mutually and each is independent, The coupling means as which two or more 
conductor elements which combined in electromagnetism at least two conductor elements 
chosen from said two or more conductor elements, and were combined are operated as one 
antenna element, It has the dielectric layer which supports said two or more conductor elements. 
Said coupling means The antenna which has the switching element which can connect 
electrically said two or more selected conductor elements, The drive circuit which generates the 
signal which drives said two or more switching elements, The step which divides the analysis 
field of two-dimensional or a three dimension to two or more elements to a computing element 
and said computing element (a), the step (b) which defines the variable which describes the 
gestalt of the antenna contained in said analysis field, and by setting up said variable The step 
which sets up the gestalt of the antenna described by said variable and to perform (c), The step 
which asks for the field pattern of said analysis field produced according to the gestalt of the 
antenna determined at said step (c) (d), It is based on the field pattern called for in said step (d). 
By performing the step (e) which evaluates the property of said antenna, and performing said 
said from step (c) to step (e) sequential or in juxtaposition about two or more different variables 
further Equipment equipped with the memory which makes the evaluation result of the property 
of each antenna of having the gestalt described by each of two or more of said variables 
compute and which stored the computer program. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the design of the antenna used for transmission 
and reception of electromagnetic waves, such as microwave and a millimeter wave, and relates 
to the design of the optimal antenna for the Personal Digital Assistant which used wireless 
especially, and the device for networks (the so-called wireless LAN) of a personal computer. 
Moreover, this invention relates also to various kinds of equipments equipped with the designed 
antenna. 
[0002] 

[Description of the Prior Art] Conventionally, in fields, such as TV and radio, in order to receive 
the electromagnetic wave of an image and a picture signal, or in order to send, various kinds of 
antennas are developed, such an antenna — for example, lines, such as effective area antennas, 
such as a parabolic antenna and a reflecting mirror antenna, and a dipole antenna, a patch 
antenna, — array antennas, such as an antenna, and a flat antenna, a slot antenna, are known. 
[0003] About these antennas, many amelioration for the purpose of saying [ how factors, such as 
directivity, gain, and an impedance, are improved ] is repeated. According to the direction which 
receives the frequency of the electric wave transmitted and received, and an electric wave, it is 
designed and the gestalt and installation location of an antenna are set to optimize the above- 
mentioned directivity, gain, and an impedance. 

[0004] If the size (parameters, such as width of face, die length, and thickness) of each part of 
the antenna is changed little by little after choosing the antenna considered to have the gestalt 
which suited the predetermined application as an approach of designing such an antenna, the 
technique of optimizing an antenna gestalt is adopted by evaluating an antenna property. 
[0005] It may carry out to evaluation of the antenna property in this case by making the antenna 
with which a gestalt differs from the case where it is carried out based on the field pattern for 
which it asked by the simulation as an experiment, and actually measuring an antenna property. 
Such a design approach of an antenna is indicated by the patent reference 1. 
[0006] 

[Patent reference 1] JP,9~51224,A [0007] 

[Problem(s) to be Solved by the Invention] Since according to the conventional antenna design 
approach it depends for the initial value of a design parameter on the gestalt of the antenna set 
up first and the gestalt is chosen based on experience of a designer, time amount required for a 
design may make it huge with a designer's level of skill, or the optimal gestalt may not be 
reached. 

[0008] Moreover, in the conventional design approach, it is neither by the simulation nor count, 
and since it is necessary to enforce many antennas with which gestalten differ to make an 
antenna as an experiment actually and evaluate a property, there is also a problem that the 
burden of the cost and time amount which a design takes is large. 

[0009] The main purpose of this invention is not based on a designer at experience, but is to 
offer the design approach of the antenna which can determine the antenna gestalt which 
demonstrates a required antenna property, and design equipment. 
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[0010] Moreover, other purposes of this invention are to offer the equipment which can change 
the gestalt of an antenna dynamically, enforcing the design approach of the above-mentioned 
antenna. 
[0011] 

[Means for Solving the Problem] The approach of the antenna by this invention the step (a) 
which defines the variable which describes the gestalt of the antenna contained in the analysis 
field of two-dimensional or a three dimension, and by setting up said variable The step which 
sets up the gestalt of the antenna described by said variable and to perform (b), The step which 
asks for the field pattern of said analysis field produced according to the gestalt of the antenna 
determined at said step (b) (c), It is based on the field pattern called for in said step (c). By 
performing said said from step (b) to step (d) sequential or in juxtaposition about two or more 
different variables including the step (d) which performs characterization of said antenna The 
result of the characterization of each antenna which has the gestalt described by each of two or 
more of said variables is obtained, and the gestalt of an antenna is determined based on the 
result of this characterization. 

[0012] In a desirable operation gestalt, at said step (a), the field which is going to form an 
antenna in said analysis field is divided in two or more eels arranged in the shape of an array, and 
the gestalt of each antenna is described by making into a variable the group of the sign assigned 
to said two or more eels. 

[0013] In a desirable operation gestalt, at said step (a), the field which is going to form an 
antenna is divided in two or more eels arranged in the shape of an array, and the variable with 
which the existence of the conductor in each eel was expressed by the matrix describes the 
gestalt of an antenna. 

[0014] In a desirable operation gestalt, said step (d) is repeated from said step (b) so that it may 
be completed as the request range by the property of an antenna using a gene algorithm. 
[0015] a conductor [ in / in a desirable operation gestalt, the field which is going to form an 
antenna is divided at said step (b) in two or more eels arranged in the shape of an array, and / 
each eel ] — the variable which expressed the pulse duty factor with the matrix describes the 
gestalt of an antenna. 

[0016] In a desirable operation gestalt, said step (d) is repeated from said step (b) so that it may 
be completed as the request range by the property of an antenna using a neural network. 
[0017] In a desirable operation gestalt, it asks for the field pattern in an analysis field at said 
step (c) using the finite element method, including further the step which divides said two or 
more elements as a finite element in the finite element method. 

[0018] In a desirable operation gestalt, a variable is defined as said finite element at said step (a) 
by using a finite element [ in / in ****** / said antenna design object domain ] as said eel, 
including a step further in the whole field surrounding an antenna design object domain and an 
antenna design object domain. 

[0019] The step which defines a morphogenesis means by which the design approach of other 
antennas by this invention forms the gestalt of an antenna in adjustable (a), The step which 
defines the variable for specifying the gestalt of an antenna using said morphogenesis means (b), 
The step which forms the gestalt of an antenna with said morphogenesis means using the 
variable defined by said step (b) (c), The step which measures the property of the antenna 
formed at said step (c) (d). Including the step (e) which distinguishes whether the property of the 
antenna detected in said step (d) is in the request range, said step (e) is repeated from said step 
(c) until the property of said antenna becomes the request range. 

[0020] In a desirable operation gestalt at said step (a) two or more conductors which have been 
arranged to the antenna formation field in said morphogenesis means, and were separated — 
with an element each — a conductor — the gestalt of said antenna is formed by the connection 
element for switching between elements to a flow and un-flowing and the migration device for 
moving this connection element defining, and controlling said migration device by said step (c). 
[0021] In a desirable operation gestalt, at said step (d), any one property is measured at least 
among the gain of an antenna, directivity, and an impedance, and it distinguishes whether the 
level of any one property is in the request range at least among the gain of an antenna, 
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directivity, and an impedance by said step (e). 

[0022] In a desirable operation gestalt, the property of an antenna is searched for at said step 
(d) also using the signal from an external instrument. 

[0023] The design approach of the antenna of this invention is the design approach of an 
antenna of having used the gene algorithm. The space of two-dimensional [ in which an antenna 
may be formed ], or a three dimension is divided in two or more eels. The step which describes 
the gestalt of each antenna by agreement which consists of a numeric value assigned to said 
two or more eels, respectively, and encodes the gestalt of an antenna by it (a), Set up the 
population of said sign and the step (b) which evaluates the property of each antenna of having 
the gestalt described by each sign which constitutes said population is included. By performing 
hereditary actuation of the selection and **** to said population, and/or mutation, and repeating 
the step (c) which updates said population, and said step (b) and said step (c) based on the 
result of said evaluation The gestalt of an antenna with the property exceeding the 
predetermined criteria of said evaluation is determined. 

[0024] The design equipment of the antenna of this invention a means (b) to define a means (a) 
to divide the analysis field of two-dimensional or a three dimension to two or more elements, and 
the variable which describes the gestalt of the antenna contained in said analysis field, and by 
setting up said variable A means to perform to set up the gestalt of the antenna described by 
said variable (c), A means to ask for the field pattern of said analysis field produced according to 
the gestalt of the antenna determined with said means (c) (d) f Based on the field pattern called 
for in said means (d), it has a means (e) to perform characterization of said antenna. About two 
or more different variables, by performing processing from said control setting to the property of 
said antenna sequential or in juxtaposition The result of the characterization of each antenna 
which has the gestalt described by each of two or more of said variables is obtained, and the 
gestalt of an antenna is determined based on the result of this characterization. 
[0025] Other antenna design equipments of this invention divide the space of two-dimensional 
[ in which an antenna may be formed ], or a three dimension in two or more eels. A means to 
describe the gestalt of each antenna by agreement which consists of a numeric value assigned 
to said two or more eels, respectively, and to encode the gestalt of an antenna by it (a), A 
means to evaluate the property of an antenna of having the gestalt described by each sign which 
sets up the population of said sign and constitutes said population (b), Based on the result of 
said evaluation, hereditary actuation of the selection and **** to said population, and/or 
mutation is performed. The gestalt of an antenna with the property exceeding the predetermined 
criteria of said evaluation is determined by having a means (c) to update said population and 
repeating evaluation of the property of said antenna, and updating **** of said population. 
[0026] The step to which the computer program of this invention divides the analysis field of 
two-dimensional or a three dimension to two or more elements to a computer (a), the step (b) 
which defines the variable which describes the gestalt of the antenna contained in said analysis 
field, and by setting up said variable The step which sets up the gestalt of the antenna described 
by said variable and to perform (c), The step which asks for the field pattern of said analysis field 
produced according to the gestalt of the antenna determined at said step (c) (d) f It is based on 
the field pattern called for in said step (d). By performing the step (e) which evaluates the 
property of said antenna, and performing said said from step (c) to step (e) sequential or in 
juxtaposition about two or more different variables further The evaluation result of the property 
of each antenna of having the gestalt described by each of two or more of said variables is made 
to compute. 

[0027] Other computer programs of this invention receive a computer. The space of two- 
dimensional [ in which an antenna may be formed ], or a three dimension is divided in two or 
more eels. The step which describes the gestalt of each antenna by agreement which consists of 
a numeric value assigned to said two or more eels, respectively, and encodes the gestalt of an 
antenna by it (a), The step which evaluates the property of an antenna of having the gestalt 
described by each sign which prepares the population of said sign and constitutes said 
population (b), Based on the result of said evaluation, hereditary actuation of the selection and 
**** to said population, and/or mutation is performed, the step (c) which updates said 
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population is performed, and said step (b) and said step (c) are repeated and performed further. 
[0028] The array of two or more conductor elements which do not function as an antenna if it 
dissociates mutually and the equipment of this invention has independent each, The coupling 
means as which two or more conductor elements which combined in electromagnetism at least 
two conductor elements chosen from said two or more conductor elements, and were combined 
are operated as one antenna element, It has the dielectric layer which supports said two or more 
conductor elements. Said coupling means The antenna which has the switching element which 
can connect electrically said two or more selected conductor elements, The drive circuit which 
generates the signal which drives said two or more switching elements, The step which divides 
the analysis field of two-dimensional or a three dimension to two or more elements to a 
computing element and said computing element (a), the step (b) which defines the variable which 
describes the gestalt of the antenna contained in said analysis field, and by setting up said 
variable The step which sets up the gestalt of the antenna described by said variable and to 
perform (c), The step which asks for the field pattern of said analysis field produced according to 
the gestalt of the antenna determined at said step (c) (d), It is based on the field pattern called 
for in said step (d). By performing the step (e) which evaluates the property of said antenna, and 
performing said said from step (c) to step (e) sequential or in juxtaposition about two or more 
different variables further It has the memory which makes the evaluation result of the property 
of each antenna of having the gestalt described by each of two or more of said variables 
compute and which stored the computer program. 
[0029] 

[Embodiment of the Invention] First, the operation gestalt of the design approach by this 
invention is explained. 

[0030] Drawing 41 is the flow chart Fig. showing an example of the procedure of the design 
approach of the antenna by this invention. Here, the design approach of the antenna using the 
analysis by the finite element method etc. is explained. 

[0031] First, it divides into the fine element (finite element) for performing analysis according the 
whole analysis field to the finite element method at a step ST 1. This analysis field is the space 
of two-dimensional or a three dimension, and includes the field (antenna formation field) where 
an antenna is formed in that interior. That is, the "analysis field" in this specification is a field 
including the space field (or insulator) of not only the design object domain of an antenna but its 
perimeter etc. 

[0032] next, the conductor which constitutes an antenna from a step ST 2 among analysis fields 
— the field where a part may be arranged is defined as a design object domain of an antenna 
gestalt. The example of processing of these steps ST [ ST1 and ] 2 is explained below. 
[0033] First, the 1st example is explained, referring to drawing 42 . 

[0034] Drawing 42 (a) shows typically a part of two-dimensional "analysis field" in the case of 
designing a flat-surface mold antenna. The antenna 301 which contains four conductive 
members 302a-302d as a component is shown in drawing 42 (a). Although each of four 
conductive members 302a-302d currently illustrated has the rectangular flat-surface pattern, it 
will give a desired property to an antenna 301 by changing each these conductive members 
[ 302a-302d ] configuration. 

[0035] As shown in drawing 42 (b), the field in which each conductive members 302a~302d are 
located is chosen as an object domain of a gestalt design of an antenna, and this field is divided 
in two or more eels 303. Since the object domain of a gestalt design of an antenna is two- 
dimensional, it is desirable to arrange in the shape of [ which a eel 303 also becomes from a line 
and a train ] a matrix. When designing the three-dimension-gestalt of an antenna, it is desirable 
to arrange a eel 303 in three dimension. 

[0036] Next, the existence of the conductor in each eel 303 is coded by "0" and "1" (coding). 
Supposing a conductor exists in the eel 303 by which hatching was carried out in drawing 42 (b) 
and a conductor does not exist in the eel 303 of the blank by which hatching is not carried out, 
the group of the numeric value shown in drawing 42 (c) will be obtained. The group of this 
numeric value forms the matrix which consists of an element xij (xij is 1 or 0 and is i=M and j=N 
(M and N are a positive integer)) corresponding to the gestalt of the conductor shown in drawing 
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42 (b). By the design approach by this invention, such a matrix is used as a variable which 
describes the gestalt of an antenna. In addition, a matrix is also three-dimension-ized when a eel 
303 is arranged in three dimension. 

[0037] The property of an antenna is expressed as a performance index using this variable 
depending on a matrix variable. Therefore, a matrix variable can be used for the actuation for 
evaluating and optimizing an antenna property. 

[0038] Although nine perfect eels are indicated by drawing 42 (b) and drawing 42 (c) for 
simplification, the object domain of each gestalt design is divided by the eel of a MxN individual 
(M and N are a positive integer). For this reason, the matrix of a M line N train is prepared as a 
variable. Since the numeric value of "1" or "0" is given, the number of matrix variables becomes 
the element of a matrix with ** (MxN) of 2. although considering the gestalt of the antenna 
corresponding to a matrix variable the number of the gestalten will also exist [ only ** (MxN) of 
2 ] — the inside of it — a conductor — the pattern in which one does not have a eel 
corresponding to a part, and all the object domains — a conductor — the pattern filled by the 
part is also contained and the gestalt which does not operate normally as an antenna also exists. 

[0039] the conductor which shows the group (matrix variable) of the numeric value shown in 
drawing 42 (c) to drawing 42 (b) so that clearly from the above explanation — the array of an 
element (each corresponds to a eel) is supported, and it is equivalent to what encoded the 
gestalt of an antenna (coding). In other words, the group of the numeric value shown in drawing 
42 (c) is a sign expressing the gestalt of an antenna. In this invention, in order to describe the 
gestalt of an antenna using this sign, it becomes possible to deal with the gestalt of various 
antennas appropriately. By the conventional design approach, since the performance index was 
created by making into a variable the dimension of the particular part of an antenna with the 
gestalt set up beforehand, the antenna gestalt which can be described was limited to the very 
narrow range, and the antenna which has various gestalten only by numerical processing was not 
able to be dealt with. On the other hand, in this invention, since the variable which describes 
various antenna gestalten in the space of two-dimensional or a three dimension is prepared, it 
becomes possible to choose the gestalt of the arbitration which is not restrained by experience 
of a designer as initial value of a design process. 

[0040] In this invention, an antenna property thus, instead of attaining optimization by making 
into a variable gestalt parameters with which the rereeling reel was beforehand given in order to 
describe the gestalt of an antenna, such as width of face of a conductor pattern, and die length 
In order to attain optimization of an antenna property using the train of the numeric value 
acquired by the above-mentioned coding, For example, by using the array of the numeric value 
"001 — 001 — 011 — ", the optimum design using a gene algorithm (Genetic Algorithms), the 
rapid method of descent which calculates the minimal value becomes possible. 
[0041] Hereafter, the case where the antenna design of this invention is performed using a gene 
algorithm is explained. 

[0042] A gene algorithm is a study-algorithm called a "genetic algorithm" or a "genotype 
algorithm", and is an algorithm which copied in engineering the process in which a living thing 
was adapted and evolved into an environment. 

[0043] The parameter for a design is expressed by the agreement (a character string or 
numerical group) called a chromosome (Chromosome) by the gene algorithm. Each of the 
antenna equipped with the gestalt specified by each design parameter is "an individual 
(Indivisual)", and the ensemble of an individual is the population (Population). To the initialized 
population, hereditary actuation of selection (Selection), **** (Crosover), mutation (Mutaion), 
etc. is repeated, and is performed. And if evaluation based on a performance index is performed 
about each individual, the configuration of the following population is updated. That the individual 
(solution) which fulfills conditions exists in the population etc. ends a gene algorithm, when 
predetermined conditions are fulfilled. 

[0044] In a gene algorithm, if **** is processed to an individual {1111} and an individual {0000}, an 
individual {1 100}, an individual {001 1}, etc. will be generated. Moreover, if mutation is processed to 
an individual {1 1 1 1}, {1 101} will be generated, for example. If the gestalt of an antenna is encoded 
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in a numerical train by the method mentioned above, it will become possible to perform the 
above genotype processings. 

[0045] in addition, the thing for which "evaluation" can also be performed based on the field 
pattern which calculated the antenna property by the well-known approach, and an antenna is 
actually created, and an antenna property is measured — it can also carry out. The point 
important when applying a gene algorithm to an antenna design giving a special order is to 
change the antenna gestalt performed when the antenna gestalt which demonstrates a desired 
property is not found by processing of above-mentioned selection, ****, mutation, etc. 
(modification of the variable for gestalt description: retrieval of a solution). 
[0046] Next, it is as follows when the gene algorithm mentioned above is explained referring to 
drawing 46 . 

[0047] First, as shown in drawing 46 (a), the early population including many antenna gestalten is 
chosen. In drawing 46 (a), although four antenna gestalten are illustrated, it is chosen from this 
number in fact as an element of the population with which many gestalten were initialized. The 
criteria of selection may change according to the situation that the application of an antenna and 
an antenna are placed, especially, may not establish the criteria of selection but may also choose 
a gestalt as entire random, by a diagram, the matrix of 16 line x17 train shows — having — **** 
— a black part — a conductor — it is a part. Since it is 16x17=272, each antenna gestalt is 
expressed by 272 numerical C **** or the numerical matrix of "0" or "1." Therefore, the 
population includes two or more gestalten suitably chosen from 2217 gestalten. 
[0048] Next, ****** mutation etc. is processed to the population. Since it encodes as it 
mentioned above, each gestalt shown in drawing 46 (a) is performed by processing also with 
numerical ****** mutation. In the example shown in drawing 46 (b), the gestalt which was not 
illustrated is formed in drawing 46 (a) of ****** mutation. 

[0049] Next, it asks for the field pattern of the antenna of the gestalt shown in drawing 46 (b), 
and the property of an antenna is evaluated. Here, the antenna gestalt in which directivity 
exceeded a certain standard shall be chosen. Consequently, the gestalt shown in drawing 46 (c) 
is chosen, and the new population is constituted. Then, as which ****** processing is performed 
and it is shown in drawing 46 (d), a new gestalt is formed and the antenna which has these 
gestalten is evaluated. An antenna with the gestalt shown as a result of evaluation (for example, 
the right-hand side of drawing 46 (d)) may be most chosen as a directive gestalt of a high 
antenna. 

[0050] such an approach — getting twisted — it is possible to find out the gestalt (solution) to 
search for out of various gestalten, and the configuration of the initialized population may be 
chosen ** [ according to / a designers level of skill ]. 

[0051] the inside of the object domain of a gestalt design in the example explained above — 
setting — the conductor of an antenna — the field (black eel) to which a part exists — a logical 
value "1" — assigning — a conductor — although the logical value "0" is assigned to the field 
(white eel) to which a part does not exist, the approach of coding is not limited to this. 
[0052] Next, other coding is explained, referring to drawing 43 . 

[0053] Drawing 43 (a) - (b) is a drawing corresponding to drawing 42 (a) - (b), respectively. 
drawing 43 (b) and drawing 42 (b) are compared and understood — as — this example — a eel 
unit — a conductor — a conductor [ in / it is not divided whether a part exists or not and / 
each eel 313 ] — the rate (conductor pulse duty factor) that a part occupies is encoded by the 
numeric value which is N bit. Drawing 43 (c) shows the matrix which consists of an element xij 
(xij is a K-bit variable and is i=M and j=N (M and N are a positive integer)) corresponding to the 
conductor pattern of drawing 43 (b). The matrix which describes the gestalt of an antenna can 
be made into a variable, and the performance index used as the target of the optimization which 
is the function of this variable can be defined. 

[0054] the conductor of each [ when coding shown in drawing 43 (a) - (c) describes the gestalt 
of an antenna ] eel — the optimum design using the neural network who makes a pulse duty 
factor weighting is possible, this conductor — a pulse duty factor is specifically realized by the 
magnitude of opening formed in each eel etc. 

[0055] in addition, a conductor — by assigning parameters other than the rate of monopoly to 
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each eel may describe the gestalt of an antenna, for example, the conductor in each eel — the 
thickness of a part, and a conductor — the sense of a part, and a conductor — the 
configuration of a part etc. is made adjustable, and even if it assigns the numeric value which 
specifies the parameter of that to a corresponding eel, it can encode. 

[0056] By the approach illustrated above, after performing a step ST 1 and a step ST 2, in the 
step ST 3 shown in drawing 6 , the property of a required antenna and its level are defined. This 
property is the gain of an antenna, directivity, an impedance, etc. In addition, a step ST 3 may be 
performed before a step ST 1 . 

[0057] Next, it determines like the matrix which shows the initial value of the variable for gestalt 
description to drawing 42 (c) and drawing 43 (c) at a step ST 4. This step is equivalent to the 
step which prepares "the initialized population" (setup) with a gene algorithm. 
[0058] At a step ST 5, the database which has specified the physical property of a 
corresponding element (finite element) is updated if needed, referring to the variable for gestalt 
description (for example, matrix), this physical property — the permeability of each element, and 
a conductor — they are a rate, a dielectric constant, etc. 

[0059] In a step ST 6, electromagnetic-field analysis using the finite element method is 
performed in the whole analysis field. This electromagnetic-field analysis can be fundamentally 
performed by the well-known approach. An example of the procedure is explained below. 
[0060] First, the equation used as the foundation of the analysis of electromagnetic field is 
drawn from the electromagnetic-field equation of a maxwell, and is expressed by the following 
equation (1). 
[0061] 

rot[mu]~1 and rotE+ [sigma] (deltaE/deltat) + [epsilon] (delta2 E/delta t2) (1) 
[0062] Here, for permeability and sigma, in a formula (1), conductivity and epsilon are [ mu / 
electric field and delta of a dielectric constant and E ] the operators of a partial differential. 
Moreover, E is a vector and mu, sigma, and epsilon are tensors. 

[0063] In addition, although an equation (1) is an equation in the case of making electric field E 
into a variable, the equation which makes Field H a variable, and the equation which makes a 
variable electric field E and Field H are also drawn from the electromagnetic-field equation of a 
maxwell. 

[0064] And the above-mentioned formula (1) is divided into the fine element (finite element) of 
an analysis field, E is approximated by discrete approximation in each element, and (1) is made 
into a matrix type. And the following formula (2) called a whole matrix type is drawn by 
superimposing this about all elements. 
[0065] 

[K] [E]+[C] (delta [E] /deltat)+[L] (delta 2 [E] / deltat2)+[F(t)] =0 (2) 

[0066] And a solution is computable by giving boundary condition to a formula (2). the multiplier 
vector to which it is a vector showing the unknown assumed discretely here since [E] 
approximates electric field E in the whole analysis field, and [K] becomes settled according to 
the gestalt of the tensor value of permeability mu, or an antenna — it is — [C] — the conductor 
of the eel of an antenna — it is the multiplier vector which becomes settled according to a rate 
pattern or a gestalt, and [L] is a multiplier vector which becomes settled according to the gestalt 
of the tensor value of a dielectric constant epsilon, or an antenna. Moreover, F (t) is a function 
showing the electric field which an antenna receives, or a current (in the case of the antenna for 
transmission) (when it is a receiving dish). 

[0067] As already explained, according to the gestalt design of the antenna of this invention, let 
a field including the design object domain of an antenna, and the space field (or insulator) of the 
perimeter be an analysis field. Drawing 44 is drawing showing the component of the electric field 
E in one unit of the finite element which divided the analysis field used for the design approach 
of the 1 st operation gestalt. the component of the electric field E in [ in / as shown in drawing 
44 / local coordinates (xi, eta, zeta) ] each side of each finite element — E1 -E8 ** — it can 
express. And it has the same electric-field components E1-E8 between two or more finite 
elements which share each side. Therefore, when the simultaneous equations of only the number 
of a finite element are created from an equation (2), the boundary condition of these 
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simultaneous equations is defined and it solves by numerical analysis about many finite elements, 
it is electric-field component E1 -E8 of each finite element. It asks. 

[0068] In addition, each of [mu] in a formula (1), [sigma], and [epsilon] is expressed as a tensor 
with nine components in local coordinates (xi, eta, zeta). 

[0069] Here, if the conductor pattern of each eel of an antenna and the conditions of the 
perimeter become settled, the multiplier matrix [K] in a formula (2), [C], and [L] will become 
settled, for example, the conductor of the eel in which the conductivity sigma of the eel in which 
the conductor is formed is set to 1 in the example shown in drawing 42 (b) and (c), and the 
conductor is not formed, and surrounding space — a rate can be set to 0. moreover — the 
example shown in drawing 43 (b) and (c) — the conductivity sigma of each eel — the conductor 
— the value between 0 according to a pulse duty factor and 1 can be carried out, and the 
conductivity sigma in surrounding space can be set to 0. Thus, if distribution of the conductivity 
sigma in an analysis field is determined as initial condition, according to it, [C] in a formula (2) will 
become settled. Since similarly the permeability mu and dielectric constant epsilon of each finite 
element become settled with the ingredient of each eel which constitutes an antenna, and the 
surrounding matter, the multiplier matrix [K] and [L] in a formula (2) become settled. 
Furthermore, electric-wave F (t) inputted into an antenna is assumed to a certain value. If a 
formula (2) is solved on this condition, distribution of the electric field E in each finite element 
etc. can be found. Here, although the case where electric field E were searched for was 
explained, the same procedure can be taken also when searching for the field H of each finite 
element. 

[0070] And the field pattern of the whole analysis field can be found by synthesizing the 
electromagnetic field of each finite element. This field pattern shows the level of the property 
defined at the step ST 3, such as gain of an antenna, directivity, and an impedance. 
[0071] In addition, when the gestalt of an antenna can be changed dynamically, it is also possible 
to evaluate the antenna property over each gestalt by observation. 

[0072] Next, it judges whether the level of the property acquired at the step ST 7 shown in 
drawing 41 as a result of analysis reaches the level of a request of a target property. When this 
judgment result is NO (i.e., when the level of the property of the designed antenna is not 
contained in the range of desired), it progresses to a step ST 8 and the variable (matrix) for 
describing the gestalt of an antenna is corrected, for example, the conductor of each eel 313 
which increases the number of eels which has a conductor among each eel 303 shown in drawing 
42 (b), or is shown in drawing 43 (b) — it is changing a pulse duty factor etc. When based on a 
gene algorithm, a variable can be changed by processing selection, ****, mutation, etc. (renewal 
of the population). 

[0073] And if processing of steps ST5-ST7 is repeated and the judgment result in a step ST 7 is 
set to YES until it is completed as the range of desired by the level of the antenna property 
acquired by the design of an antenna (i.e., if completed as the range of desired by the level of 
the property of an antenna), it will progress to a step ST 9 and the variable (matrix) showing the 
structure of a proper antenna will be outputted. The variable for describing the gestalt of this 
antenna is incorporated by the database, and serves as fundamental design data when producing 
an antenna. 

[0074] According to the above approach, even if it does not actually complete the structure of 
an antenna, only analysis can design the gestalt of an antenna variously. When the finite element 
method is used especially, the detailed structure of an antenna can be designed with a sufficient 
precision. 

[0075] Moreover, when a gene algorithm is used as an algorithm, the very thing which lapses into 
a local optimum solution like the rapid method of descent is avoided, and there is an advantage 
which may be quickly converged on an optimum solution. However, even if it can approach an 
optimum solution quickly only with a gene algorithm, there is no guarantee of converging on an 
optimum solution certainly. Then, after giving the aim of an optimum solution using a gene 
algorithm in the early stages of analysis, the neural network incorporating the rapid method of 
descent may be used, this operation gestalt is shown in drawing 43 (b) and (c), after a rough 
antenna pattern becomes settled at the beginning using a gene algorithm by making into a 
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variable the matrix of 0 and 1 pattern shown in drawing 42 (b) and (c) — as — the conductor of 
each eel — you may shift to the method using a neural network of having changed the pulse 
duty factor (weighting multiplier). 

[0076] In addition, with this operation gestalt, it is considering as the finite element which shows 
the eel 103 shown in drawing 42 (b), and the eel 303 shown in drawing 43 (b) to drawing 43 . 
However, a finite element may be divided more finely than the eel for defining the structure of an 
antenna, or you may divide more greatly than a cel. However, since analysis of the 
electromagnetic field by the finite element method is directly performed in each part of an 
antenna by covering the field surrounding the design object domain of an antenna, and its 
perimeter, and dividing the finite element for the analysis of the finite element method in 
common like this operation gestalt, analysis becomes quickly and easy. 
[0077] Next, other procedures of the design approach of the antenna by this invention are 
shown, referring to drawing 45 . Drawing 45 is the flow chart Fig. showing this procedure. Here, a 
gestalt explains the design approach of the antenna which may change dynamically. 
[0078] First, the fundamental configuration of an antenna (device) is defined at a step ST 1 1. a 
configuration here — a flat antenna, a slot antenna, and a line — they are the class of antennas, 
such as an antenna, the configuration of the member which constitutes an antenna, an 
ingredient, etc. 

[0079] Next, the concrete means for changing the gestalt of an antenna at a step ST 12 is 
defined. A gestalt is explained to a detail later about the concrete configuration of the antenna in 
which the dynamic thing made to change is possible. 

[0080] The property made into the target of an antenna for a gestalt to change dynamically at a 
step ST 13, and its level are defined. This property is the gain of an antenna, directivity, an 
impedance, etc. 

[0081] And the initial value of a variable for a step ST 14 to describe the gestalt of an antenna is 
determined. It is the matrix which describes the connection relation of the eel arranged in the 
shape of an array to be this variable like the 1st operation gestalt. For example, the matrix 
whose element xij is 0 or 1 about the gestalt in early stages of an antenna as shown in drawing 
1 1 (b) can be described as a variable. 

[0082] An antenna with the gestalt described at a step ST 14 by the step ST 15 is formed. 
[0083] The property of a target antenna, for example, the gain of an antenna, directivity, an 
impedance, etc. are measured at a step ST 16 using various kinds of sensors. 
[0084] It judges whether the level of the property detected at a step ST 17 as a result of 
measurement reaches the level of a request of a target property. When this judgment result is 
NO (i.e., when the level of the property of the designed antenna is not contained in the range of 
desired), it progresses to a step ST 1 8 and the variable for describing the gestalt of an antenna 
is corrected. For example, the matrix which is a variable for gestalt description is changed so 
that a conductor pattern may be changed. 

[0085] And if processing of steps ST15-ST17 is repeated and the judgment result in a step ST 
17 is set to YES until it is completed as the range of desired by the level of the property of the 
antenna obtained by the design of an antenna (i.e., if completed as the range of desired by the 
level of the property of an antenna), it will progress to a step ST 19 and the variables (matrix 
etc.) showing the structure of a proper antenna will be outputted. The variable for describing the 
gestalt of this antenna is incorporated by the database, and serves as fundamental design data 
when manufacturing an antenna. 

[0086] The gestalt of the antenna designed based on the above-mentioned antenna design 
approach is shown in drawin g 42 (b) or drawin g 43 (b), and has the pattern [ like ]. For this 
reason, die length of one side of a eel is specified in the dimension of each part of an antenna as 
a unit, therefore — for example, a eel unit as shown in drawing 42 (b) — a conductor — the 
conductor which the part was arranged and was chosen if needed — if there is a gestalt 
adjustable antenna which can connect a part electromagnetic, an antenna with the gestalt 
described with a matrix variable will be produced, and actually measuring the property of such an 
antenna will be performed easily. 

[0087] By the design approach of this invention, the group of the element arranged in the shape 



http://www4.ipdl.ncipi.gojp/cgHbin/tran^web_cgLejje 



2006/06/22 



JP,2003-332814,A [DETAILED DESCRIPTION] 



10/29 s<— v 



of a matrix has prescribed the gestalt of an antenna so that it may understand from having 
explained above, for this reason, the gestalt of the antenna designed — a conductor — it has 
the gestalt which combined the cel. 

[0088] Hereafter, the antenna suitably designed according to the design approach of the antenna 
by this invention is explained. As mentioned above, the antenna design approach of this invention 
divides an antenna formation field in many eels, and specifies the gestalt of an antenna with the 
combination of two or more eels. For this reason, if the gestalt of an antenna can be changed 
per eel, the antenna which has the gestalt designed by the design approach of this invention is 
promptly realizable. Then, the structure of an antenna and actuation which suited the design 
approach of this invention are explained in full detail below. 

[0089] [Current control mold antenna] The fundamental description of the antenna designed 
suitable for the design approach of this invention is explained first, referring to drawing 1 (a) and 
drawing 1 (b). Here, the antenna of a "current control mold" is explained. Drawing 1 (a) shows 
the example of structure of the flat antenna of the current control mold with which the gestalt 
was fixed, and drawing 1 (b) shows the example of structure of the flat antenna of the current 
control mold which can change a gestalt. 

[0090] In addition, in this specification, a "current control mold antenna" means the antenna with 
which the gestalt is designed paying attention to current (electric field) distribution. There is a 
magnetic-current control mold in an antenna apart from a current control mold. A "magnetic- 
current control mold antenna" means the antenna with which the gestalt is designed paying 
attention to magnetic-current (field) distribution. 

[0091] The flat antenna of the conventional current control mold is equipped with the dielectric 
substrate 201 and the conductors 202 and 203 which have the specific pattern formed on the 
dielectric substrate 201 as shown in drawing 1 (a). These conductors 202 and 203 are formed by 
removing the garbage of that metal layer, after depositing for example, a metal layer on the 
dielectric substrate 1. 

[0092] In the example currently illustrated, edge 102a of a conductor 202 functions as input port 
of the input signal to a device at the time of reception, and functions as an output port of the 
output signal from a device to the exterior at the time of transmission. [0093] In the above- 
mentioned conventional example, the conductor pattern is beforehand designed so that a desired 
antenna property may be acquired, and the gestalt of conductors 202 and 203 is being fixed on 
the dielectric substrate 201. For this reason, it is very difficult to change the gestalt of 
conductors 202 and 203. 

[0094] On the other hand, the flat antenna of the current control mold shown in drawing 1 (b) 
has the eel array structure where many unit cells 10 were arranged for example, in the shape of 
a matrix. Each unit cell 10 forms the conductors 2 and 3 with the gestalt which functions as an 
antenna by making it flow through the group of the unit cell chosen from eel arrays mutually with 
the flow means which is not shown in drawing 1 (b), although it dissociates. 
[0095] In the example of drawing 1 (b), the unit cell located in the flow field Rco is connected 
mutually. On the other hand, the group (unit-cell group in the non-flowing field Rnc) of the unit 
cell 10 which was not chosen from the eel array is in the condition of not flowing at all mutually 
or hardly flowing. The need of being removed does not have the group (unit-cell group in the 
non-flowing field Rnc) of the unit cell 10 which was not chosen, existed on a dielectric substrate. 
This is for the magnitude of each isolated unit cell 10 not to function substantially as some 
antennas, since it is small compared with the wavelength of an electromagnetic wave. 
[0096] In addition, in the example shown in drawing 1 (a), edge 2a of a conductor 2 functions as 
input port of the input signal to a device in reception, and functions as an output port of the 
output signal from a device to the exterior in transmission. 

[0097] The example of drawing 1 (a) connects the selected unit cell 10 electrically with a flow 
means, after determining which unit cell 10 is chosen among the arrays of a unit cell 10. In the 
desirable mode of this invention, at a certain time, other unit cells 10 and the unit cell (non- 
choosing unit cell) 10 which was not connected electrically are not removed, either, but exists on 
a dielectric substrate as it is. For this reason, it can also perform choosing that unit cell 10 and 
connecting with other unit cells 10 electrically with a flow means next. 
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[0098] Thus, according to the antenna shown in drawin g 1 (a), it is possible to adjust the pattern 
(gestalt) of the element (antenna element) which functions as an antenna. 
[0099] Generally, on the occasion of the design of a current control mold antenna, the 
configuration of an antenna element is determined that the current pattern corresponding to a 
desired antenna property is obtained. However, what it functions on as an antenna may be the 
combination pattern of not only a conductor pattern but a conductor and a dielectric. That is, 
even if the flowing current finally carries out a conductor when it comes to the input signal to a 
device, the electromagnetic wave also passed the dielectric and the property of a dielectric has 
affected the current which flows a conductor. For this reason, the elements which constitute an 
antenna are the both sides of a conductor and a dielectric. However, since most effects which 
these matter has on an electromagnetic wave can be disregarded unless conductors are 
extremely close when the matter with a very small dielectric constant exists between 
conductors like air, only a conductor pattern is dealt with as a pattern of an antenna element for 
convenience. 

[0100] Hereafter, the fundamental difference with the antenna shown in drawing 1 (a) and the 
antenna shown in drawing 1 (b) is explained in more detail. 

[0101] Although the current control mold antenna shown in drawin g 1 (a) is a flat antenna, 
regardless of being a flat-surface mold, the conductor pattern which functions as an antenna, or 
the combination pattern of a conductor and a dielectric is defined almost uniquely according to 
the device by which an antenna is attached. 

[0102] Generally, according to the sense and frequency band of an electromagnetic wave to 
receive, the configurations where the conductor part which functions as an antenna is desirable 
differ. Therefore, with the antenna which cannot change the configuration of the conductor part 
dynamically (reconstruction), in order to correspond to change of the sense of the 
electromagnetic wave to receive, the sense of an antenna needed to be changed. Moreover, 
when the frequency band of the electromagnetic wave to receive changes, two or more kinds of 
antennas corresponding to each frequency band are prepared beforehand, and it is necessary to 
switch the antenna used according to change of the frequency band of an electromagnetic wave 
to another antenna from a certain antenna. 

[0103] On the other hand, in the current control mold antenna shown in drawing 1 (b), it is 
possible to only change what is electrically connected among unit cells 10, and to realize a 
variety of conductor patterns or the combination pattern of a conductor and a dielectric. 
[0104] For example, when an antenna is attached and used for the Personal Digital Assistant in 
indoor space, the gestalt of the optimal antenna element changes depending on a class, 
magnitude, etc. of an equipment which are arranged the size of indoor space, and in it. The 
conductor pattern (or combination pattern of a conductor and a dielectric) which specifies the 
gestalt of an antenna can be changed into the optimal thing by changing selection of the unit cell 
10 included in the flow field Rco in the eel array shown in drawing 1 (b) according to this change. 

[0105] A [magnetic-current control mold antenna], next the flat antenna of a magnetic-current 
control mold are explained. Drawing 2 (a) shows the example of structure of the flat antenna of 
the magnetic-current control mold with which the gestalt was fixed, and drawing 2 (b) shows the 
example of structure of the flat antenna of the magnetic-current control mold which can change 
a gestalt. 

[0106] The flat antenna of the magnetic-current control mold shown in drawing 2 (a) has the 
dielectric substrate 201 and the conductor 205 formed on the dielectric substrate 201. Edge 
205a of a conductor 205 functions as input port of the input signal to a device at the time of 
reception, and functions as an output port of the output signal from a device to the exterior at 
the time of transmission. In the case of the magnetic-current control mold, the conductor 
pattern is designed so that the magnetic current corresponding to a desired antenna property 
may be acquired. Like the antenna shown in drawin g 1 (a), since the conductor 205 is formed 
from the continuous metal layer, it is difficult the conductor to change the configuration. 
[0107] On the other hand, the flat antenna of the magnetic-current control mold shown in 
drawing 2 (b) has the eel array structure where many unit cells 10 were arranged for example, on 
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the matrix. By making it flow through the unit-cell group in a eel array (unit-cell group in the 
mass field Ric) mutually, it is easy to form the conductor 5 which has a desired configuration. It 
does not flow through the unit-cell group (unit-cell group in the small capacity field Rdc) which 
was not chosen from the eel array at all, or hardly flows through it. Edge 5a of a conductor 5 
functions as input port of the input signal to a device at the time of reception, and functions as 
an output port of the output signal from a device to the exterior at the time of transmission. 
[0108] In addition, although it does not exist physically, when considering the electromagnetic 
field of a RF, it is assumed as the "magnetic current" as a concept corresponding to a 
"current." It can be made to be able to respond to the ability of the vibrational state of the 
charge to the electric field which change in time to be expressed with a "current", and the 
vibrational state of the magnetic charge (or magnetization) to the field which changes in time can 
be grasped as the "magnetic current." 

[0109] Also in the antenna of the magnetic-current control mold shown in drawing 2 (b), the 
pattern of the element (antenna element) which functions as an antenna can be easily changed 
like the antenna of the current control mold shown in drawing 1 (b). However, in a magnetic- 
current control mold antenna, the pattern of an antenna element is adjusted so that the 
magnetic-current pattern corresponding to a desired antenna property may be obtained. 
[01 10] Also in a magnetic-current control mold antenna, what it functions on as an antenna is 
also the combination pattern of not only a conductor pattern but a conductor and a dielectric. 
However, since most effects which these matter has on an electromagnetic wave can be 
disregarded when a conductor pattern is in the matter with a very small dielectric constant like 
air, only a conductor pattern is dealt with as a pattern of an antenna element for convenience. 
[01 1 1] In the magnetic-current control mold antenna shown in drawing 2 (a), the conductor 
pattern (or combination pattern of a conductor and a dielectric) which functions as an antenna is 
defined almost uniquely according to the device by which the antenna is attached. 
[0112] On the other hand, in the magnetic-current control mold antenna shown in drawing 2 (b), 
the conductor pattern corresponding to change of various electromagnetic waves or the 
combination pattern of a conductor and a dielectric can be realized easily. For example, in 
attaching and using an antenna for a Personal Digital Assistant in indoor space, the optimal 
antenna element pattern changes depending on the class magnitude of the equipment arranged 
the size of indoor space, and in it etc. A conductor pattern can be changed into the optimal 
pattern by changing selection of the unit cell 10 included in the capacity increase field Ric in the 
eel array shown in drawing 2 (b). The difference with a current control mold antenna is in the 
point using the magnetic current which flows a conductor pattern with a magnetic-current 
control mold antenna as a parameter which judges whether it is the optimal pattern. 
[01 13] Generally, the antenna of a current control mold is constituted so that electric field may 
be excited, and the magnetic-current antenna is constituted so that a field may be excited. 
However, some things for which some things for which electric field are excited are also exciting 
the field actually, and a field is excited will also excite electric field. Therefore, one antenna may 
be able to say it also as a current control mold antenna and a magnetic-current control mold 
antenna. 

[0114] Moreover, in a current control mold antenna, if the magnitude and the pattern of a 
current which flow an antenna element become settled, according to it, the magnitude and the 
pattern of the magnetic current will also become settled. On the contrary, in a magnetic-current 
control mold antenna, if the magnitude and the pattern of the magnetic current which flow an 
antenna element become settled, according to it, the magnitude and the pattern of a current will 
also become settled. In other words, controlling either the current produced to an antenna 
element or the magnetic current by transmission and reception of an electromagnetic wave will 
also control another side to coincidence. Therefore, although the direction which controls the 
pattern of an antenna element by making any of a current or the magnetic current into a 
parameter classifies an antenna into a current control mold antenna and a magnetic-current 
control mold antenna according to whether it is design top convenience for convenience, a 
difference essential to both is treated as what is not. 

[01 15] Changing the configuration of a conductor part, in order to give a specific gestalt to an 
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antenna by the design approach of the antenna of this invention shall include not only when the 
device by which the antenna is attached carries out automatically, but the case where a user 
carries out at any time. Moreover, the gestalt of an antenna element can be flexibly adjusted at 
the time of the assembly of a product, and shipment so that the eel array which a manufacturer 
becomes from many unit cells 10 as shown in drawing 1 (b) and drawing 2 <b) may be prepared 
and the class of device by which an antenna is used may suit a service space. 
[0116] In addition, the antenna designed by this invention is not restricted to a flat antenna, for 
example, an effective area antenna and a line — the pattern of the antenna element of an 
antenna is also controllable, moreover, an antenna as shown in drawing 1 or drawing 2 — an 
effective area antenna and a line — it can use as some of antennas and slot antennas. 
[0117] a conductor although effect is taken with the application of the design approach of this 
invention even if it is the antenna as which it uses for the above explanation and a gestalt is 
specified with a continuous conductor pattern among various kinds of antennas, as shown in 
drawing 1 (b) and drawing 2 (b) — the direction of the antenna as which a gestalt is specified by 
association of a eel conforms to the design approach of this invention. For this reason, the 
following operation gestalten explain the operation gestalt of the antenna of the type indicated to 
drawing 1 (b) to a detail. 

[0118] The operation gestalt of the antenna suitably designed by the design approach of this 
invention is explained below [the operation gestalt of an antenna]. 

[01 19] (1st operation gestalt) Drawing 3 (a) and drawing 3 (b) are the perspective views before 
and behind the assembly of the flat antenna of the current control mold concerning the 1st 
operation gestalt of this invention, respectively. 

[0120] With this operation gestalt, first, as shown in drawing 3 (a), the dielectric substrate 1 with 
which the touch-down conductor plate 14 is formed in the rear face is prepared, and two or 
more conductor elements 12 are arranged on this substrate 1 in the shape of [ which consists of 
a line and a train ] a matrix. Moreover, with this operation gestalt, the microstrip line 1 1 close to 
three conductor elements 12 is formed on the dielectric substrate 1. 

[0121] Each flat-surface configuration of the conductor element 12 in this operation gestalt is a 
square, and the size is also the same. Although arranged in the example shown in drawing 3 (a) in 
the field in which 24 conductor elements 12 have the appearance of an abbreviation square, the 
array pattern of a conductor element is not limited to this. Moreover, the configuration and size 
of each conductor element 12 do not need to be altogether set up equally on one dielectric 
substrate 1. 

[0122] Die-length [ of one side ] a of each conductor element 12 is set up smaller than the 
wavelength of the electromagnetic wave to deal with. When dealing with the electromagnetism 
near 100GHz (wavelength of about 3mm), die-length a of the conductor element 12 is more 
specifically set as about 1.5mm. On the other hand, the thickness of the conductor element 12 is 
set to sufficient thickness with which are satisfied of the power and impedance matching nature 
of the electromagnetic wave transmitted and received. 

[0123] The conductor element 12 of the condition which shows in drawing 3 (a) is separated 
mutually, and electric connection is not formed. Even if it irradiates an electromagnetic wave at 
the dielectric substrate 1 of this phase, since each conductor element 12 is smaller than that 
wavelength, a current required for transmission and reception of an electromagnetic wave does 
not arise in the array of the conductor element 12. For this reason, not each conductor element 
12 of the condition which shows in drawin g 3 (a) functions as an antenna. 

[0124] In order to constitute an antenna using these conductor elements 12, the coupling means 
for combining the conductor element 12 of arbitration in electromagnetism is required. Here, in 
the example shown in drawing 3 (b), the connection element 13 is used as this coupling means. 
[0125] A connection element 13 is formed on the conductor element 12 which overlaps two 
adjoining conductor elements 12 in the example shown in drawing 3 (b). The concrete structure 
and the formation approach of this connection element 13 are explained in detail later. 
[0126] In order to transmit and receive an electromagnetic wave, a certain thing interconnects 
the adjoining conductor element 12 electrically among two or more connection elements 13, and 
other things do not connect conductor element 12 adjoining comrades electrically. For example, 
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although the connection element 13 with which hatching shown in drawing 3 (b) was performed is 
making it flow through conductor element 12 adjoining comrades, other connection elements 13 
are not making it flow through conductor element 12 adjoining comrades. For this reason, a 
conductor pattern as shown in the lower right direction of drawing 3 (b) is formed on a substrate 
1. 

[0127] Thus, with this operation gestalt, the conductor pattern which functions as some 
antennas [ at least ] is formed by forming the array of the conductor element 12 beforehand on 
the dielectric substrate 1, and interconnecting electrically after that the conductor element 12 
appropriately chosen from the array of the conductor element 1 2. 

[0128] In the example shown in drawing 3 (a), the flat-surface configuration is arranged in the 
shape of [ which the conductor element 12 of an abbreviation square becomes from a line and a 
train ] a matrix. With the antenna of this operation gestalt, the flat-surface configuration of the 
conductor element 12 is not limited to a square. For example, as shown in drawing 4 (a), a flat- 
surface configuration may use the array of the conductor element 12 of a forward hexagon. 
Moreover, the array of the conductor element 12 of the rectangle shown in drawing 4 (b) and the 
array of the conductor element [ being circular (or ellipse form) ] 12 shown in drawing 4 (c) may 
be adopted. Furthermore, a conductor element with a triangle or other polygon configurations 
can also be used. 

[0129] After forming a metal membrane on the dielectric substrate 1, it is possible by processing 
the metal membrane to set the flat-surface configuration and flat-surface layout of the 
conductor element 12 as arbitration. In addition, although each front face (top face) of each 
conductor element 12 currently illustrated is flat, irregularity exists in a front face and its potato 
is good. 

[0130] There is also no need that all the conductor elements 12 that constitute one antenna 
have the same magnitude. As shown in drawing 5 (a), the size and the configuration of the 
conductor element 12 change according to the location on the dielectric substrate 1, and a 
potato is good. 

[0131] Drawing 5 (b) shows the example of amelioration of the configuration of the conductor 
member which functions as an input/an output port. Thus, the conductor strip which has 
wavelength extent of an electromagnetic wave or the size beyond it exists in the interior of the 
array of the conductor element 1 2, and a potato is good for it. 

[0132] Drawing 5 (c) shows the example to which the conductor element 12 with which 
magnitude differs from a flat-surface configuration is intermingled in one conductor element 
array. Also in this case, the size (in the case of a rectangle the die length of a long side) of each 
conductor element 12 is set up shorter than the wavelength of the electric wave transmitted and 
received. 

[0133] Drawin g 6 (a) shows the example of arrangement toward which the 45 degrees of the 
array directions of the conductor element 12 inclined to the array direction of the conductor 
element 12 in other examples. 

[0134] Drawing 6 (b) shows the example in which two or more conductor section strips 11 which 
carry out an input/output port and may function are formed, in this case, according to the 
location of the circuit which should be connected to an antenna, the conductor strip 1 1 of a 
suitable location is chosen as an input/an output port — things — ** 

[0135] Drawing 6 (c) shows the example to which the conductor member which functions as an 
input/an output port is located in the center section instead of a periphery of the dielectric 
substrate 1. In this example of arrangement, the conductor member which functions as an 
input/an output port is connected to an external circuit through the beer prepared in the 
dielectric substrate. 

[0136] With the antenna of this operation gestalt, the array pattern of the conductor element 12 
is arbitrary, and is not limited to various kinds of examples of an array shown above. In addition, 
the earth electrode of a KOPURENA mold track may be formed with two or more conductor 
elements 12. 

[0137] From the array of two or more conductor elements 12 arranged as mentioned above, the 
conductor element 12 of arbitration is chosen and the example of a means to connect them 
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mutually is explained below. 

[0138] The 1st example **** and drawing 7 are referred to. In the example shown in drawing 7 , 
the location of a connection element 13 is changed by the actuator. Specifically, a connection 
element 13 drives in the direction of a normal of the principal plane of a substrate 1 with 
actuators, such as a solenoid coil, a switch, and the control system 15 equipped with the power 
source. A connection element 1 3 can reciprocate between the 1 st location in contact with two 
adjoining conductor elements 12, and the 2nd location which does not contact. Although the 
connection element 13 in the 1st location connects two corresponding conductor elements 12 
electrically, the connection element 13 in the 2nd location separates two corresponding 
conductor elements 12 electrically. It is possible by moving two or more connection elements 13 
alternatively with a control system 15 to the array of two or more conductor elements 12 to 
reconfigurate the gestalt of an antenna element dynamically. 

[0139] In addition, the actuator which used not only the thing using a solenoid coil but piezo- 
electricity as an actuator to which a connection element 13 is moved, the actuator by static 
electricity, and the actuator by the shape memory alloy can also be used. Such an actuator may 
be suitably produced using the ultra-fine processing technology which manufactures a micro 
machine. The above-mentioned actuator is functioning as a switching element which switches an 
electric flow / un-flowing between at least two conductor elements. 

[0140] Instead of the user or manufacturer having an antenna of equipment (for example, 
personal digital assistant) changing the pattern (a gestalt or flat-surface layout) of an antenna 
element using a control system 15, the internal circuitry of equipment equipped with the antenna 
is able to change the gestalt of an antenna element dynamically and automatically according to a 
situation. 

[0141] The 2nd example, next drawing 8 are referred to. In the example shown in drawing 8 , the 
piece of a conductor which functions as a connection element 13 which connects the conductor 
element 12 electrically is arranged only in the location where the array of the conductor element 
12 was chosen. To the conductor element 12 which should be separated electrically, the piece of 
a conductor has not prepared in the location which overlaps these. As such a piece of a 
conductor, the short strip formed from metals, such as aluminum, can be used. Contact between 
the piece of a conductor and the conductor element 12 may be performed using 
electroconductive glue. 

[0142] In this example, since the location of a connection element 13 is not adjustable, the 
connection pattern of the conductor element 1 2 does not change dynamically. Therefore, it may 
be difficult for a user to change the gestalt of an antenna in this example. However, according to 
the example of drawing 8 , in the manufacture phase, where the internal circuitry and antenna of 
said equipment are connected electrically, the manufacturer of equipment equipped with the 
antenna optimizes the gestalt of an antenna element, and can carry out the thing of it. The 
property of an antenna changes also with the properties of a circuit that it is connected. For this 
reason, it is difficult for an antenna independent to estimate the property of an antenna and to 
determine that optimal gestalt. Although the property of the antenna can be evaluated on the 
other hand if the conventional antenna is built into equipment and it connects with a circuit, it is 
difficult to change the gestalt of an antenna. On the other hand, in the example of drawing 8 , 
removal of a connection element 1 3 is comparatively easily possible. 

[0143] In addition, in drawing 7 and drawing 8 , although one connection element 13 overlaps two 
conductor elements 12, the connection element 13 may be overlapped at three or more 
conductor elements 12. 

[0144] In the 3rd example next ** which refers to drawing 9 , and the example shown in drawin g 
9 , switching transistor 13a is formed between two adjoining conductor elements 12. By turning 
switching transistor 13a on and off alternatively, electric connection / connectionless condition 
between two corresponding conductor elements 12 are controllable. 

[0145] In drawjngj) , each switching transistor 13a has Source S, Drain D. and Gate G, and can 
switch an electric flow / un-flowing between Source S and Drain D by adjusting the potential of 
Gate G. Each switching transistor 13a is formed from a thin film transistor, and is arranged on a 
substrate 1 at a matrix top. In order to operate such switching transistor 1 3a alternatively, a 
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non-illustrated drive circuit is used. A drive circuit can control actuation of two or more 
switching transistor 13a, and the required conductor element 12 can be electrically connected to 
alternative and mutual so that the gestalt of a request of an antenna element may be formed. 
[0146] Although the condition that transistor 13a is prepared in the conductor element 12 
bottom (transceiver side side of an electromagnetic wave) is indicated by drawing 9 for 
intelligibility, being formed in the conductor element 12 bottom is desirable in fact It is for wiring 
which interconnects transistor 13a not to have a bad influence on transmission and reception of 
the electromagnetic wave by the antenna. 

[0147] In addition, you may control by the lightwave signal instead of controlling a switching 
element like transistor 13a by the voltage signal. In that case, the switching element which 
changes an electric flow / un-flowing by the exposure of light will be used. It becomes possible 
to set the connection pattern of the conductor element 12 only to the switching inhibition 
appropriately chosen among such arrays of a switching element freely by irradiating light. 
[0148] (2nd operation gestalt) The 2nd operation gestalt of the antenna used suitable for this 
invention is explained, referring to drawing 10 . 

[0149] The point that the antenna of drawing 10 differs from the antenna shown in drawing 8 is 
in the point that the dielectric film 17 which consists of plastic film etc. is formed on the 
conductor element 12. Although it is close to the conductor element 12 through a dielectric film 
17, it is relatively [ element / 12 / conductor ] separated from the non-choosing connection 
element 13 of the connection element 13 chosen among two or more connection elements 13. 
[0150] Actuation of the antenna of drawing 10 is explained referring to drawing 1 1 . Although the 
connection element 13 does not touch by existence of a dielectric film 17 as directly as the 
corresponding conductor element 12, its electric capacity between the correspondence 
******** element 12 and a connection element 13 is relatively high. For this reason, in the 
electromagnetic field of a RF, the displacement current flows among both. It will be in the 
condition that a current may flow according to this displacement current between the conductor 
elements 2 which adjoin through a connection element 13. Moreover, since the electric capacity 
between the conductor element 12 and a connection element 13 becomes small when the 
connection element 13 is relatively separated from the dielectric film 17, the displacement 
current also becomes small. Therefore, the connection element 1 3 in such a location does not 
connect two connection element 13 corresponding comrades electrically substantially. 
[0151] Thus, even if a dielectric film 17 intervenes between the conductor element 12 and a 
connection element 13, it is possible to connect the separated conductor element 12 electrically 
according to the displacement current which flows through a connection element 13. 
[0152] In drawing 1 1 , although the connection element 13 which is not used in order to connect 
the conductor element 12 electrically is indicated above the dielectric film 12, other dielectric 
films are formed between the connection elements 13 and dielectric films 12 which separated in 
this way, and a potato is good for it. In that case, distance between a connection element 13 and 
the conductor element 12 cannot be made adjustable. You may make it drive a connection 
element 13 with an actuator as replaced with such a configuration, for example, shown in drawing 
7 . If it does in this way, it will become possible by changing the location of a connection element 
13 suitably to change dynamically the combination of the conductor element 12 with which the 
displacement current flows. 

[0153] Moreover, as shown in drawing 8 , the selected conductor element 12 is electrically 
connectable with the part which is going to make it flow through conductor element 12 
downward comrades among dielectric films 17 by forming a connection element 13 alternatively. 
In that case, in the production process of equipment equipped with the antenna, it becomes 
possible to produce easily the antenna element which has a suitable gestalt. 
[0154] Furthermore, switching transistor 13a shown in drawing 9 can also be used as a 
connection element 13. It is possible to switch dynamically the condition that conductor element 
12 comrades flow, and the condition of being un-flowing, by turning on and off of switching 
transistor 1 3a. 

[0155] (3rd operation gestalt) Drawing 1 2 (a) is the perspective view showing the appearance 
structure of the current control mold concerning the 3rd operation gestalt of the antenna used 
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suitable for this invention in order, respectively. Drawing 1 2 (b) is the perspective view showing 
the structure which removed the dielectric substrate and the conductor element from the 
antenna of this operation gestalt. 

[0156] Also with this operation gestalt, as shown in drawing 1 2 (a), the conductor element 12 
whose flat-surface configuration is a square is arranged in the shape of an array on the 
dielectric substrate 1 with which the touch-down conductor plate 14 is formed in the rear face. 
Die-length [ of one side ] a of each conductor element 1 2 is smaller than the wavelength of the 
electromagnetic wave to deal with, for example, when dealing with the signal near 100GHz 
(wavelength of about 3mm), die-length a of the conductor element 12 is about 1.5mm. Moreover, 
the thickness of the conductor element 12 is set to sufficient thickness with which are satisfied 
of the power and impedance matching nature of the electromagnetic wave transmitted and 
received. Moreover, on the dielectric substrate 1 , the microstrip line 1 1 is formed so that three 
conductor elements 1 2 may be approached. 

[0157] As shown in drawing 12 (b), the connection element 13 which overlaps two conductor 
elements 12 which adjoin each other under the array of the conductor element 12 is formed. In 
addition, although the connection element 13 has not appeared in drawing 12 (a) since it is 
covered by the conductor element 12 and the dielectric substrate 1, it is prepared all over the 
crevice formed in the dielectric substrate 1 . Moreover, under the connection element 1 3, the 
actuator 18 for driving a connection element 13 up and down is attached. There are several 
kinds among the classes of this actuator 18, and concrete structure is explained later. And in 
order to control a current to desired magnitude and a pattern (or adjustment), like the 1st 
operation gestalt, a certain thing makes switch-on conductor element 12 comrades of both sides 
among each connection element 13, and other things are controlled to make conductor element 
12 comrades of both sides into non-switch-on (or setup). 

[0158] In addition, also in this operation gestalt, the dielectric film may intervene like the 2nd 
operation gestalt between a connection element 13 (or 13') and the conductor element 12 (or 
12'). 

[0159] Next, the example about the means of control (or adjustment) of a flow and not flowing is 
explained. [ of the conductor element 12 by the connection element 13 ] However, also in this 
operation gestalt, with non-switch-on, also when the feeble current which is extent which 
cannot be used as a signal is flowing, it shall contain. 

[0160] 1st example drawing 13 (a) and (b) are the sectional views showing the structure of the 
actuator in the 1st example of the 3rd operation gestalt. As shown in this drawing, the actuator 
is constituted from this example by the solenoid coil, the spring, etc. And it is constituted so 
that a connection element 13 may switch the condition (refer to drawing 13 (b)) of contacting 
the conductor element 12, and the condition (refer to drawing 13 (a)) of becoming non-contact, 
by control of the circuit which has arranged the switch and the power source. It is possible for a 
user to adjust the pattern of a direct antenna element in the case of this example, or to control 
the pattern of an antenna element by the internal circuitry automatically to a proper pattern. 
[0161] 2nd example drawing 14 (a) and (b) are the sectional views showing the structure of the 
actuator in the 2nd example of the 3rd operation gestalt. As shown in this drawing, the actuator 
is constituted from this example by the bearing bar for supporting a connection element 13 
prepared rotatable by the lever which can be freely rotated to the circumference of the 
supporting point, and the lever. And it is constituted so that a connection element 13 may switch 
the condition (refer to drawing 14 (b)) of contacting the conductor element 1 2, and the condition 
(refer to drawing 14 (a)) of becoming non-contact, by control of the circuit which has arranged 
the switch and the power source. It is possible for a user to adjust the pattern of a direct 
antenna element in the case of this example, or to control the pattern of an antenna element by 
the internal circuitry automatically to a proper pattern. 

[0162] 3rd example drawing 15 (a) and (b) are the sectional views showing the structure of the 
actuator in the 3rd example of the 3rd operation gestalt. As shown in this drawing, the actuator 
is constituted from this example by the bearing bar for supporting a connection element 13 
prepared rotatable by the lever which can be freely rotated to the circumference of the 
supporting point, and the lever. The lever is formed by sticking two plates [ two ] with which 
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piezo-electric multipliers differ mutually up and down. In this case, when potential flows, the 
quality of the material is set up so that the direction of the plate below that of an upper plate 
may be extended greatly. Therefore, when the electrical and electric equipment flows to two 
plates, a lever will curve to the up side. And it is constituted so that a connection element 13 
may switch the condition (refer to drawing 1 5 (b)) of contacting the conductor element 12, and 
the condition (refer to drawing 15 (a)) of becoming non-contact, by control of the circuit which 
has arranged the switch and the power source. It is possible for a user to adjust the pattern of a 
direct antenna element in the case of this example, or to control the pattern of an antenna 
element by the internal circuitry dynamically and automatically in a proper gestalt. 
[0163] (4th operation gestalt) Drawing 16 is the 4th operation gestalt **** perspective view of 
the antenna used suitable for this invention. 

[0164] With this operation gestalt, as shown in drawing 1 6 , the conductor element 12 whose 
flat-surface configuration is a square is arranged in the shape of an array on the dielectric 
substrate 1 with which the touch-down conductor plate 14 is formed in the rear face. 
Furthermore, dielectric substrate 1\ and connection element 13' and actuator 18' are prepared 
on the conductor element 12. Furthermore, the laminating of conductor element 12' which 
overlaps above connection element 1 3' at each connection element 1 3' is carried out. What was 
explained with said 3rd operation gestalt can be used for actuator 18'. However, it can replace 
with actuator 18' and the switch device in which it does not flow [ a flow and ] can also be 
established. [ which was explained with the 1st operation gestalt ] 

[0165] Moreover, the dielectric film may intervene like the 2nd operation gestalt between a 
connection element 13 (or 13') and the conductor element 12 (or 12'). 

[0166] and two or more layers by which two or more conductor elements 12 and 12' have been 
arranged in this operation gestalt — accumulating — the conductor element 12 of each class, 
and 12' — the electric flow of a between can be accumulated and can be controlled by actuator 
18' etc. to a direction. Therefore, three-dimensions-current distribution is realizable with the 
antenna of this operation gestalt. 

[0167] in addition, said the 1- in the 4th operation gestalt, although the example which has 
arranged regularly the conductor element 12, the connection element 13, the actuator, etc. was 
shown, the configuration method of this, the configuration of a conductor 2, etc. can be changed 
according to each property, in order to realize a desired antenna property. 

[0168] (5th operation gestalt) Drawing 1 7 is the decomposition perspective view showing the 5th 
operation gestalt of the antenna used suitable for this invention, and drawing 18 is the 
perspective view showing a general view of the antenna. The antenna concerning the 5th 
operation gestalt is a magnetic-current control mold. 

[0169] In drawing 17 , the condition of having removed the conductor element 12 and the 
stripline 1 1 from the dielectric substrate 1 is shown so that it may be easy to understand 
structure, but if the conductor element 12 and a stripline 11 are attached on the dielectric 
substrate 1 , it will become the structure shown in drawing 18 . 

[0170] With this operation gestalt, as shown in drawing 1 8 , the conductor element 12 whose 
flat-surface configuration is a square is arranged in the shape of an array on the dielectric 
substrate 1 with which the touch-down conductor plate 14 is formed in the rear face. Moreover, 
on the dielectric substrate 1, the microstrip line 11 is formed so that three conductor elements 
12 may be approached. Die-length [ of one side ] a of each conductor element 12 is smaller than 
the wavelength of the electromagnetic wave to deal with, for example, when dealing with the 
signal near 100GHz (wavelength of about 3mm), die-length a of the conductor element 12 is 
about 1.5mm. Moreover, the thickness of the conductor element 12 is set to sufficient thickness 
with which are satisfied of the power and impedance matching nature of the electromagnetic 
wave transmitted and received. 

[0171] Under the conductor element 12, as shown in drawing 17 , the dielectric element 20 which 
intervenes between each conductor element 12 and the touch-down conductor plate 14 is 
formed. Patterning of the dielectric element 20 is carried out from the dielectric substrate 1 with 
a crevice 19. Although what is three kinds in which flat-surface area is different from each other 
as a dielectric element 20 is illustrated by drawing 1 7 , this operation gestalt explains what kind 
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of magnetic-current pattern arises about the case where there are the 1st dielectric element 
20a as the conductor element 12 with the same flat-surface area and 1st dielectric element 20b 
with a flat-surface area narrower than the conductor element 12, as shown in drawing 19 (a) and 
(b). 

[0172] Drawing 19 (a) and (b) are the sectional views and top views of a flat antenna of three 
conductor elements 12 where three 1st dielectric element 20a exists caudad. Since 1st 
dielectric element 20a of a large area intervenes between each conductor element 12 and the 
touch-down conductor film 14 as shown in drawing 19 (a), between each conductor element 12 
and the touch-down conductor film 14, the big displacement current flows according to electric 
capacity being large. Consequently, as shown in drawing 19 (b), the magnetic current which 
encloses three conductor elements 12 is formed. 

[0173] Drawing 20 (a) and (b) are the sectional views and top views of an antenna where 1st 
dielectric element 20a of a large area exists under the conductor element 12 of both ends among 
three conductor elements 12, and 2nd dielectric element 20b of small area exists under the 
central conductor element 1 2. As shown in this drawing, it exists among three conductor 
elements 12. Generally, when only the insulator with very small specific inductive capacity 
intervenes between two conductors, between two conductors, only the small displacement 
current flows by reduction of electric capacity. That is, since the magnetic current hardly arises, 
the magnetic current produced around the conductor element 12 of both ends does not lead to 
the surroundings of the central conductor element 12. Consequently, as shown in drawing 20 (b), 
the isolated magnetic current which encloses only each conductor element 12 of both ends will 
be formed. 

[0174] Thus, a magnetic-current pattern as shown in drawing 1 9 (b) and drawing 20 (b) is 
controllable (or adjustment). 

[0175] (6th operation gestalt) Although the antenna of the magnetic-current control mold of this 
operation gestalt has the almost same structure as the antenna shown in drawing 1 7 and drawing 
18 , it was replaced with the capacity insulator layers 20a and 20b of the 5th operation gestalt, 
and is equipped with 1st dielectric element 21a which has the comparatively high specific 
inductive capacity epsilon 1, and 2nd capacity insulator layer 21b which has the comparatively 
low specific inductive capacity epsilon 2. 

[01 76] Drawing 21 (a) and (b) are the sectional views and top views of a flat antenna of three 
conductor elements 1 2 where three 1 st dielectric element 20a exists caudad. Since 1 st 
dielectric element 21a which has the high specific inductive capacity epsilon 1 intervenes 
between each conductor element 12 and the touch-down conductor film 14 as shown in drawing 
21 (a), between each conductor element 12 and the touch-down conductor film 14, the big 
displacement current flows according to electric capacity being large. Consequently, as shown in 
drawin g 21 (b), the magnetic current which encloses three conductor elements 12 is formed. 
[0177] Drawing 22 (a) and (b) are the sectional views and top views of an antenna where 1st 
dielectric element 21a which has the high dielectric constant epsilon 1 exists in the lower part of 
the conductor element 12 of both ends among three conductor elements 12, and 2nd dielectric 
element 21b which has the specific inductive capacity epsilon 2 lower than epsilon 1 exists in 
the lower part of the central conductor element 12. Generally, when only the insulator with very 
small specific inductive capacity intervenes between two conductors, between two conductors, 
only the small displacement current flows by reduction of electric capacity. That is, since the 
magnetic current hardly arises, the magnetic current produced around the conductor element 12 
of both ends does not lead to the surroundings of the central conductor element 12. 
Consequently, as shown in d rawin g 22 (b), the isolated magnetic current which encloses only 
each conductor element 12 of both ends will be formed. 

[0178] Thus, a magnetic-current pattern as shown in drawin g 21 (b) and drawin g 22 (b) is 
controllable (or adjustment). 

[0179] (7th operation gestalt) Although the antenna of the magnetic-current control mold of this 
operation gestalt has the almost same structure as drawing 17 and drawing 18 , it was replaced 
with each dielectric elements 20a and 20b of the 5th operation gestalt and is equipped with 1 st 
dielectric element 23a with average high specific inductive capacity, and 2nd dielectric element 
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23b with average low specific inductive capacity. Each of 1st dielectric element 23a and 2nd 
dielectric element 23b is constituted by 1st insulation section 22a which has the high specific 
inductive capacity epsilon 1, and 2nd insulation section 22b which has the low specific inductive 
capacity epsilon 2. And in 1st dielectric element 23a, there are more rates that 1st insulation 
section 22a occupies than 2nd insulation section 22b, and there are more rates that 2nd 
insulation section 22b occupies, in 2nd dielectric element 23b than 1st insulation section 22a. 
[0180] Drawing 23 (a) and (b) are the sectional views and top views of a flat antenna of three 
conductor elements 12 where three 1st dielectric element 23a exists caudad. Since 1st 
dielectric element 23a with average high specific inductive capacity intervenes between each 
conductor element 12 and the touch-down conductor film 14 as shown in drawing 23 (a), 
between each conductor element 12 and the touch-down conductor film 14, the big 
displacement current flows according to electric capacity being large. Consequently, as shown in 
drawing 23 (b), the magnetic current which encloses three conductor elements 12 is formed. 
[0181] Drawing 24 (a) and (b) are the sectional views and top views of an antenna where 1st 
dielectric element 23a with average high specific inductive capacity exists in the lower part of 
the conductor element 12 of both ends among three conductor elements 12, and 2nd dielectric 
element 23b with average low specific inductive capacity exists in the lower part of the central 
conductor element 12. Generally, when only the insulator with very small specific inductive 
capacity intervenes between two conductors, between two conductors, only the small 
displacement current flows by reduction of electric capacity. That is, since the magnetic current 
hardly arises, the magnetic current produced around the conductor element 12 of both ends 
does not lead to the surroundings of the central conductor element 12. Consequently, as shown 
in drawing 24 (b), the isolated magnetic current which encloses only each conductor element 12 
of both ends will be formed. 

[0182] Thus, a magnetic-current pattern as shown in drawing 23 (b) and drawing 24 (b) is 
controllable (or adjustment). 

[0183] (8th operation gestalt) Although the antenna of the magnetic-current control mold of this 
operation gestalt has the almost same structure as drawing 17 and drawing 18 , it was replaced 
with each dielectric elements 20a and 20b of the 5th operation gestalt, and is equipped only with 
the dielectric element 20 with uniform area and specific inductive capacity. 
[0184] Drawing 25 (a) and (b) are the sectional views and top views of a flat antenna where 
three conductor elements 12 touch the dielectric element 20, respectively. Since only the 
dielectric element 20 intervenes between each conductor element 12 and the touch-down 
conductor film 14 as shown in drawing 25 (a), between each conductor element 12 and the 
touch-down conductor film 14, the big displacement current flows according to electric capacity 
being large. Consequently, as shown in drawing 25 (a), the magnetic current which encloses three 
conductor elements 12 is formed. 

[0185] Among three conductor elements 12, drawing 26 (a) and (b) are the sectional views and 
top views of an antenna with which the central conductor element 12 is separated from the 
dielectric element 20, although the conductor element 12 of both ends touches the dielectric 
element 20. Generally, when the insulator with very small specific inductive capacity intervenes 
like air between two conductors, between two conductors, only the small displacement current 
flows by reduction of electric capacity. That is, since the magnetic current hardly arises, the 
magnetic current produced around the conductor element 12 of both ends does not lead to the 
surroundings of the central conductor element 12. Consequently, as shown in drawing 26 (b), the 
isolated magnetic current which encloses only each conductor element 12 of both ends will be 
formed. 

[0186] Thus, a magnetic-current pattern as shown in drawing 25 (b) and drawing 26 (b) is 
controllable (or adjustment). 

[0187] In addition, contact and non-contact control (or adjustment) of the conductor element 12 
in this operation gestalt with the dielectric element 20 are easily realizable by using an actuator 
like each example in the 3rd operation gestalt. 

[0188] the antenna used suitable for [other operation gestalt about structure of antenna] this 
invention — lines, such as effective area antennas, such as not only a flat antenna but a 
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parabolic antenna, a reflecting mirror antenna, etc., and a dipole antenna, a patch antenna, it 
is applicable to an antenna, a slot antenna, etc. 

[0189] Drawing 27 is drawing showing roughly the example of structure at the time of applying 
this invention to a horn antenna, it is shown in this drawing — as — the inside of a horn antenna 

— many conductor elements 12 — the shape of an array — arranging — above-mentioned the 
1- the horn antenna of the current control mold which can respond to change of various 
electromagnetic waves is realizable by [ which switch the conductor element 12 (hatching part of 
this drawing) with which a current flows, and the conductor element 12 with which a current 
does not flow like the 4th operation gestalt ] controlling (or adjustment). 

[0190] Drawing 28 is drawing showing roughly the example of structure at the time of applying 
this invention to a slot antenna, it is shown in this drawing — as — the inside of a slot antenna 

— many conductor elements 12 — the shape of an array — arranging — above-mentioned the 
1- the slot antenna of the current control mold which can respond to change of various 
electromagnetic waves, or a magnetic-current control mold is realizable by [ which switch the 
conductor element 12 (hatching part of this drawing) with which a current flows, and the 
conductor element 12 with which a current does not flow like the 4th operation gestalt ] 
controlling (or adjustment) 

[0191] moreover, a line like Yagi Antenna — the antenna of the current control mold which can 
respond to change of various electromagnetic waves is realizable by preparing many conductor 
elements, such as each conductor section of an antenna, and the curved-surface section of a 
PARABONA antenna which has a curved surface, in the shape of an array, and controlling the 
flow of the current to each conductor control. 

[0192] The operation gestalt of equipment equipped with the antenna with which a gestalt is 
designed by this invention is explained below [the operation gestalt of equipment equipped with 
the antenna]. In each following operation gestalt, the example which the antenna equipped with 
the switching element which can change connection of a conductor element dynamically as a 
flow means is explained. 

[0193] (9th operation gestalt) Drawing 29 is the block circuit diagram showing the operation 
gestalt of equipment equipped with the antenna suitably designed by this invention. 
[0194] The equipment of this operation gestalt is equipped with the antenna 50 mentioned 
above, the communication circuit 61 connected to the antenna 50, and the control section which 
controls the gestalt of an antenna 50 as shown in drawing 29 . 

[0195] It has further the mechanical component 51 which drives a flow means by which it does 
not illustrate [ which is included in an antenna 50 ], the design section 53 which determines the 
gestalt of an antenna, the gestalt design control section 54 which controls a mechanical 
component 51, and the storage section 55 which stores the information about an antenna. The 
information about the antenna which the storage section 55 stores includes physical magnitude 
(area, thickness, etc.), such as a conductor element, a dielectric element, a connection element, 
and a dielectric substrate, the initial condition of the gestalt of an antenna 50, etc. 
[0196] The level detecting element 71 for this equipment to detect further the level of the signal 
which an antenna 50 transmits and receives, The directive distinction section 72 for 
distinguishing the directivity of an antenna 50 based on the level of the signal detected by the 
level detecting element 71, It has the impedance distinction section 74 for distinguishing the 
impedance matching nature of an antenna 50 or a communication circuit 61 from the gain 
distinction section 73 for distinguishing gain from the level of the detected signal, and the level 
of the detected signal. In addition, the phrase of "distinction" in this specification shall include 
measuring the physical quantity about directivity, gain, and an impedance. 
[0197] Next, actuation of this equipment is explained. 

[0198] First, the gestalt design section 53 determines the gestalt in early stages of an antenna 

50 based on the information stored in the storage section 55. Based on the design result of this 
gestalt design section 53, the gestalt design control section 54 controls a mechanical component 

51 so that the gestalt of an antenna 50 turns into a gestalt as a design. A mechanical component 
51 drives a flow means so that each element of an antenna 50 may form a desired antenna 
gestalt. 
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[0199] Since an antenna 50 can be used also as an object for reception also as an object for 
transmission, as for optimization of the gestalt of an antenna 50, it is desirable to carry out 
independently in the both sides of the case where an antenna is operated as an object for 
transmission, and the case where an antenna is operated as an object for reception. 
[0200] Hereafter, the adjustment procedure of the gestalt in the case of using an antenna 50 as 
an antenna for transmission is explained. 

[0201] First, a communication circuit 61 sends the signal for transmission to an antenna 50. The 
signal is inputted also into the level detecting element 71. With this operation gestalt, the 
member for directivity association to a RF signal is prepared into the signal path between a 
communication circuit 61 and an antenna 50. For this reason, it can adjust so that the signal 
reflected in a communication circuit 61 may not return from an antenna 50, even if a signal flows 
at an antenna 50 from a communication circuit 61. The level detecting element 71 can detect 
the both sides of the level of the signal sent to an antenna 50 from a communication circuit 61, 
and the level of the signal reflected with an antenna 50. 

[0202] The directive distinction section 72 is based on the level of the high frequency signal 
which the level detecting element 71 detected, and distinguishes whether the directivity of the 
antenna 50 at the time of transmission is in tolerance. When the level of the signal reflected 
from an antenna 50 with the sense of an antenna 50 specifically differs, it will be distinguished, if 
it goes into the range with the difference of the level of the reflective signal in each sense and 
directivity is in tolerance, and it will be distinguished, if there is nothing in a certain range and 
there will be no directivity in tolerance. The directive quality at the time of transmission of an 
antenna 50 is distinguished by this. In this case, the case where the one where directivity is 
possible smaller is desirable, and the range which judges a quality since the one where directivity 
is conversely higher may be desirable may change according to the class of device by which an 
antenna is used, an application, and reception and transmission etc. 

[0203] The gain distinction section 73 distinguishes the quality of the gain of an antenna 50 
based on whether the ratio of the level of the sending signal sent from a communication circuit 
61 and the level of the signal reflected from an antenna 50 is in tolerance. Since it is generally 
desirable for the ratio of the level of a sending signal and the level of a reflective signal to be 
large as much as possible, if it is beyond a value with this ratio, it will judge that gain is good. 
[0204] The impedance distinction section 74 distinguishes the quality of the impedance matching 
between a communication circuit 61 and an antenna 50 based on whether the level ratio of the 
signal outputted from a communication circuit 61 and the signal reflected from an antenna 50 is 
in tolerance. Generally, it means that impedance matching cannot be taken that the level ratio of 
a reflective signal to the input signal to an antenna 50 is large. Therefore, if it is beyond a value 
with this level ratio, impedance matching nature will judge with it being good. 

[0205] The design of the gestalt of an antenna is redone in the gestalt design section 53, and the 
gestalt of an antenna 50 is dynamically reconfigurated through the gestalt design control section 
54 and a mechanical component 51 until it judges that directivity, gain nature, and ail the 
impedance matching nature are good preferably. And if it finally judges that the directivity of an 
antenna 50, gain nature, and all the input-impedance adjustments are good, the information 
(data) about the gestalt will be memorized by the storage section 55. 

[0206] In addition, directivity, gain nature, and all the impedance matching nature do not need to 
be judged to be good. Directivity may be thought as important and the gestalt of an antenna 50 
may be optimized in the mode in which gain nature is disregarded. 

[0207] Drawing 30 shows an example of the relation between an antenna gestalt, directivity, etc. 
Drawing 30 shows that especially "O" is excellent, and shows that "O" is excellent. "**" usually 
comes out and shows a certain thing. For example, although the antenna of drawing 30 which has 
a straight ****** antenna element linearly is excellent in an impedance, directivity and gain are 
common. 

[0208] With this operation gestalt, based on the data stored in the storage section 55 etc., the 
joint pattern of the conductor element in an antenna 50 drives the flow means of an antenna 50 
so that the gestalt of two or more classes set up beforehand may be taken one by one. For 
example, two or more gestalten including three gestalten shown in drawing 30 are realized in an 
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antenna 50 one by one. And directivity, gain nature, and impedance matching nature are 
evaluated, and the storage section is made to memorize an evaluation result in each gestalt. In 
drawing 30 , although the evaluation result is shown for "O", "**", etc. using the sign, evaluation 
by the numeric value is given about each parameter in fact. In this way, if the result of the 
obtained evaluation is assigned to the various gestalten of an antenna and a look-up table is 
created, it will become possible to choose the optimal gestalt according to a situation from the 
tables. 

[0209] In addition, the above-mentioned antenna pattern is chosen from the gestalt designed by 
the design approach of this invention. 

[0210] Drawing 31 is the flow chart which showed the above-mentioned procedure. First, a 
communication circuit starts transmission of a Sadanobu Tokoro number at step S1. At step S2, 
the gestalt (N= 1 st gestalt) chosen from inside as two or more gestalten which an antenna can 
take as an initial gestalt is given to an antenna. At step S3, the reflective signal from the antenna 
of the gestalt is detected. Directivity, gain, and an impedance are measured in step S4. at step 
S5, the directivity obtained by measurement, gain, and the each value of an impedance are 
stored in the storage section as data of N= 1 . 

[021 1] Next, after giving the gestalt chosen as N= 2nd gestalt to an antenna, actuation of step 2 
- step 5 is repeated. When only a required number repeats the same actuation from the N= 3rd 
gestalt, directivity, gain, and the measurement result of an impedance can be obtained about all 
or a part of gestalt which an antenna can take. 

[0212] Since these measurement results are stored in the storage section, they can choose a 
desirable gestalt suitably according to a situation. If a display displays the contents of the 
storage section, a user is able to choose the gestalt of an antenna based on the contents of a 
display. Moreover, based on the contents of the storage section, antenna control equipment can 
also determine the gestalt of an antenna automatically. When searching for the gestalt of the 
optimal antenna, it is made to store in the storage section as data beforehand, and the gestalt of 
a ******** antenna may be chosen suitably. As mentioned above, as for these antenna 
gestalten, it is desirable that it is designed by the design approach of this invention, and the 
numeric value which becomes the criteria of selection in every antenna gestalt is also 
beforehand recorded about directivity, gain, and an impedance. Moreover, when the suitable thing 
for the gestalt of the antenna chosen as a candidate does not find out, it is also possible to 
redesign a gestalt from the beginning according to the design approach of this invention. 
However, it is necessary to make the program for performing the flow shown in equipment at 
drawing 41 for that purpose build in. 

[0213] Next, the adjustment procedure of the gestalt in the case of using an antenna 50 as a 
receiving dish is explained. 

[0214] When the signal from an external instrument is sent, the level detecting element 71 is 
detection ****** about the level of the high frequency signal which received this signal with the 
antenna 50 and was received. Although the device specially designed for the test can also be 
used as an external instrument, other communication equipment may be used. When the 
equipment of this operation gestalt is devices, such as a gestalt information terminal, it is 
possible to optimize an antenna gestalt using the signal currently passed for the public. 
[0215] It is distinguished whether the directive distinction section 72 has the directivity which is 
foppish at the time of reception of an antenna 50 in tolerance based on the level of the received 
high frequency signal. When the level of the signal received with an antenna 50 specifically 
changes with sense of an antenna 50, it will be distinguished, if it goes into the range with the 
difference of the level of the input signal in each sense and directivity is in tolerance. On the 
contrary, it will be distinguished, if there is nothing in a certain range and there will be no 
directivity in tolerance. The directive quality at the time of reception of an antenna 50 is 
distinguished by this. Also in this case, the case where the one where directivity is possible 
smaller is desirable, and the range which judges a quality since the one where directivity is 
conversely higher may be desirable may change according to the class of device by which an 
antenna is used, an application, and reception and transmission etc. 

[0216] In addition, when the equipment of this operation gestalt communicates through other 
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communication equipment and antennas, the gestalt of the desirable antenna 50 may change 
with locations of the antenna the other party's communication equipment. The gestalt for 
receiving a signal with high directivity can be chosen from the antenna in the target other party's 
communication equipment. 

[0217] The gain distinction section 73 distinguishes the quality of the gain of an antenna 50 
based on whether the S/N ratio of the signal received with the antenna 50 is in tolerance. In this 
case, since it is desirable for a S/N ratio to be large, if it is beyond a value with this ratio, it will 
judge that gain is good. 

[0218] The impedance distinction section 74 distinguishes the quality of the impedance matching 
nature of an antenna 50 and a communication circuit 61 based on whether the ratio of the level 
of the signal received with the antenna 50 and the level of the signal reflected from a 
communication circuit 61 after that is in tolerance. That is, if it is beyond a value with the level 
ratio of the input signal in an antenna 50, and the signal reflected from a communication circuit 
61 after that, impedance matching nature will judge with it being good. 

[0219] The design of the gestalt of an antenna is redone in the gestalt design section 53, and a 
mechanical component 51 is readjusted by the gestalt design control section 54 until it judges 
that directivity, gain nature, and all the impedance matching nature are good preferably. If it 
finally judges that the directivity of an antenna 50, gain nature, and all the input-impedance 
adjustments are good, the information (data) about the gestalt will be memorized by the storage 
section 55. 

[0220] It is correctable to the storage section 55 so that the contents of the storage taken out 
from the storage section 55 by the gestalt design section 53 according to an individual according 
to the switch signal of transmission and reception of an antenna 50 by the case (standby 
condition) where an antenna 50 is used as an object for reception, and the case where an 
antenna 50 is used as an object for transmission since the proper gestalt of an antenna 50 is 
memorized may be switched. 

[0221] In addition, the directive low antenna gestalt in a standby condition is adopted, in the 
phase which began to receive an electric-wave signal, the antenna gestalt which was suitable for 
reception from the antenna which emits the electric-wave signal may be determined, and an 
antenna gestalt may once be optimized dynamically. 

[0222] according to this operation gestalt — the 1- the proper gestalt of the various antennas 
50 as shown with the 8th operation gestalt can be dynamically determined according to the 
environment where the antenna 50 is used, the class of device incorporated, and it can realize. 
[0223] (10th operation gestalt) Drawing 32 is the block diagram showing other operation 
gestalten of equipment equipped with the antenna by this invention. 

[0224] the equipment of this operation gestalt — the configuration of the 9th operation gestalt - 
- in addition, the each arrangement location is equipped with two or more mutually different 
probes 75a, 75b, and 75c for directive distinction, although the example by which three probes 
75a-75b are arranged is shown in drawing 32 — the number of probes — four or more — or at 
least two are good. 

[0225] Actuation or the function of the gestalt design section 53 in this operation gestalt, the 
gestalt design control section 54, and the storage section 55 is the same as actuation or the 
function of the gestalt design section 53 in the 9th operation gestalt, the gestalt design control 
section 54, and the storage section 55. 

[0226] Also in this operation gestalt, gain nature and impedance matching nature are performed, 
as the 9th operation gestalt was explained. The directive distinction approach characteristic of 
this operation gestalt is explained below. 

[0227] First, the adjustment procedure of the gestalt in the case of using an antenna 50 as an 
antenna for transmission is explained. In this operation gestalt, if the signal for transmission 
(signal generally standardized for the test) is sent to an antenna 50 from a communication circuit 
61 and a signal is transmitted outside from an antenna 50, the signal from which strength differs 
with each probes 75a~75c according to each arrangement location will be inputted into the level 
detecting element 71. 

[0228] And in the directive distinction section 72, it is distinguished from the level of a high 
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frequency signal whether the directivity of the transmitting function of an antenna 50 is in 
tolerance. When the level of an input signal changes with each probes 75a-75c, it will be 
distinguished, if it goes into the range with the difference of the level of the input signal in each 
location and directivity is in tolerance, and if there is nothing in a certain range and there will be 
no directivity in tolerance, specifically, it will be distinguished. The directive quality at the time of 
transmission of an antenna 50 is distinguished by this. In this case, the case where the one 
where directivity is possible smaller is desirable, and the range which judges a quality since the 
one where directivity is conversely higher may be desirable may change according to the class of 
device by which an antenna is used, an application, and reception and transmission etc. 
[0229] In addition, in the level detecting element 71, the both sides of the level of the signal sent 
to an antenna 50 from a communication circuit 61 and the level of the signal received with each 
probes 75a-75c can be detected, and the signal sent to an antenna 50 from a communication 
circuit and the reflected wave from the antenna can also be included in distinction of a directive 
quality. 

[0230] Next, when using an antenna 50 as a receiving dish, the directivity at the time of 

reception of an antenna 50 can be distinguished like the 9th operation gestalt using the level of 

the high frequency signal received with the antenna 50, without using Probes 75a-75c. However, 

it is possible to also use in reference the signal received with Probes 75a~75c. 

[0231] this operation gestalt — the effectiveness of the 9th operation gestalt — in addition, 

since it can be based on the level of the signal actually received with Probes 75a-75c and the 

directive quality of the antenna 50 at the time of transmission can be distinguished, the 

directivity of the antenna 50 at the time of transmission can be adjusted more proper. 

[0232] (1 1th operation gestalt) Drawing 33 is the block diagram showing the operation gestalt of 

further others of equipment equipped with the antenna by this invention. 

[0233] Also in this operation gestalt, actuation or the function of the gestalt design section 53, 
the gestalt design control section 54, and the storage section 55 is the same as actuation or the 
function of the gestalt design section 53 in the 9th operation gestalt, the gestalt design control 
section 54, and the storage section 55. 

[0234] As shown in drawing 33 t the equipment of this operation gestalt uses the external 
communication circuit 62. That is, after transmitting the signal from a communication circuit 61 
from an antenna 50, the sending signal is received by the antenna of an external instrument. With 
an antenna 50, again in response to the fact that the signal sent from the external 
communication circuit 62 according to this sending signal, this can be used for adjustment of the 
gestalt of an antenna 50. 

[0235] The communication circuit 62 of an external instrument is a circuit to which information 
sent by telephoning, such as a time signal and a weather report, is sent. The special external 
instrument for a test which has a communication circuit 62 depending on the use application of 
an antenna 50 can also be prepared. 

[0236] In this operation gestalt, it is possible about the both sides in the case of using an 
antenna 50 as the object for transmission, and an object for reception to adjust the gestalt to 
coincidence. Moreover, only when using an antenna 50 as an object for transmission, and it is the 
already explained procedure of the 9th operation gestalt, that is, the quality of directivity, gain 
nature, and impedance matching nature is distinguished, without using an external communication 
circuit and it uses an antenna 50 as an object for reception, the external communication circuit 
62 can also be used. Moreover, a hand can also arrange the probes 75a~75c for a directive 
judgment like the 10th operation gestalt in this operation gestalt. 

[0237] In the directive distinction section 72, it is distinguished from the level of a high 
frequency signal whether the directivity at the time of reception of an antenna 50 and 
transmission is in tolerance. When the level of the signal received with an antenna 50 specifically 
changes with sense of an antenna 50, it will be distinguished, if it goes into the range with the 
difference of the level of the input signal in each sense and the directivity at the time of 
transmission and reception is in tolerance, and it will be distinguished, if there is nothing in a 
certain range and there will be no directivity in tolerance. The directive quality at the time of 
transmission and reception of an antenna 50 is distinguished by this. Also in this case, the case 
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where the one where directivity is possible smaller is desirable, and the range which judges a 
quality since the one where directivity is conversely higher may be desirable may change by a 
class, an application, etc. of a device for which an antenna is used. 

[0238] Moreover, in the gain distinction section 73, the quality of the gain of an antenna 50 is 
distinguished based on the level ratio of the level of the signal transmitted from whether the S/N 
ratio of the signal received with the antenna 50 is in tolerance, and a communication circuit 61, 
and the signal received with the antenna 50 after that etc. In this case, since it is desirable for a 
S/N ratio and the ratio of the level of the input signal to the level of a sending signal to be large, 
if these ratios are beyond a certain values, respectively, it will judge that gain is good. 
[0239] Furthermore, in the impedance distinction section 74, at the time of transmission, the 
quality of the impedance matching nature at the time of transmission of an antenna 50 is judged 
based on the level of the signal reflected from an antenna 50, and the quality of the impedance 
matching nature of an antenna 50 and a communication circuit 61 is distinguished based on the 
level of the signal reflected from the back communication circuit 61 received with the antenna 
50. 

[0240] The design of the gestalt of an antenna is redone in the gestalt design section 53, and the 
gestalt of an antenna 51 is dynamically changed by the gestalt design control section 54 and the 
mechanical component 51 until it judges that directivity, gain nature, and all the impedance 
matching nature are good preferably. If it finally judges that the directivity of an antenna 50, gain 
nature, and all the input-impedance adjustments are good, the information (data) about the 
gestalt will be memorized by the storage section 55. 

[0241] (12th operation gestalt) Drawing 34 is a block which shows the operation gestalt of 
further others of equipment equipped with the antenna by this invention. 

[0242] Also in this operation gestalt, actuation or the function of the gestalt design section 53, 
the gestalt design control section 54, and the storage section 55 is the same as actuation or the 
function of the gestalt design control section 54 in the 9th operation gestalt, and the storage 
section 55. 

[0243] As shown in drawing 34 , the equipment of this operation gestalt was replaced with the 
level detecting element 71 in the 11th operation gestalt, and is equipped with the data analyzor 
76. It is premised on using the external communication circuit 62 with this operation gestalt. The 
signal is received by the antenna of an external instrument after transmitting the signal from a 
communication circuit 61 from an antenna 50. An antenna 50 receives again ****** sent from 
the external communication circuit 62 according to the signal transmitted from the antenna 50, 
and this is used for adjustment of the gestalt of an antenna 50. 

[0244] The communication circuit 62 of the external instrument in this operation gestalt is a 
circuit which answers it and outputs a digital signal, for example, when a certain test signal is 
received. The circuit to which information sent by telephoning as a communication circuit 62 of 
an external instrument for example, such as a time signal and a weather report, is sent can also 
be used. 

[0245] With the 11th operation gestalt, it distinguishes whether directivity, gain, and impedance 
matching nature are in the proper range to having adjusted the gestalt of an antenna 50 
according to the level of a transceiver signal by comparing the contents of data of a transceiver 
signal in this operation gestalt. Other functions are the same as the 1 1th operation gestalt. This 
operation gestalt is comparing the data and the transmit data which were obtained instead of as 
a result of date analysis by performing date analysis instead of the step ST 16 in the flow chart 
of drawing 45 . [ a step ST 17] 

[0246] Also in this operation gestalt, the probes 75a-75c for directive distinction can be 
arranged like the 10th operation gestalt. 

[0247] (13th operation gestalt) Drawing 35 is the block diagram showing the operation gestalt of 
further others of equipment equipped with the antenna by this invention. 

[0248] The equipment of this operation gestalt was replaced with the mechanical component 51 
in the 9th operation gestalt, and is equipped with the production section 56 of a gestalt device. 
Also in this operation gestalt, actuation or the function itself of the gestalt design section 53, the 
gestalt design control section 54, and the storage section 55 is the same as that of actuation or 
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the function of the gestalt design section 53 in the 9th operation gestalt, the gestalt design 
control section 54, and the storage section 55. 

[0249] with this operation gestalt based on the directivity which boils, respectively and can be 
set in case an antenna 50 functions as an object for reception for /transmission, gain, 
impedance matching nature, etc., the quality of the gestalt of an antenna 50 can be judged and 
the gestalt of a suitable antenna can be determined with the same procedure as the 1 1th 
operation gestalt. However, with this operation gestalt, while using an antenna, the gestalt of an 
antenna cannot be changed dynamically, but the gestalt of an antenna will be determined by the 
process step which manufactures the equipment incorporating an antenna. 

[0250] In addition, also in this operation gestalt, the probes 75a~75c for directive distinction can 
be arranged like the 10th operation gestalt. 

[0251] [Antenna module] With each operation gestalt of equipment equipped with the above- 
mentioned antenna, a mechanical component 51, the gestalt design control section 54, etc. as 
shown in drawing 29 are prepared in various equipments, such as a terminal unit It is also 
possible to manufacture the components which united the circuit (thriving business circuit of an 
antenna) for determining the gestalt of such an antenna with the antenna as an antenna module, 
and to sell them. 

[0252] Drawing 36 shows the antenna module which unified the antenna by this invention, and 
the circuit which controls the gestalt of this antenna. The antenna 50 of this invention fixes this 
antenna module on the package 80 of an integrated circuit chip. The circuit system formed in the 
integrated circuit chip includes antenna control circuits, such as the mechanical component 51 
shown in drawing 29 , the gestalt design section 53, the gestalt design control section 54, the 
storage section 55, the level detecting element 71, the directive distinction section 72, the gain 
distinction section 73, and the impedance distinction section, and also contains the 
communication circuit 61 preferably. 

[0253] Such an antenna module is used being included in the equipments 90, such as a gestalt 
terminal (a cellular phone is included) shown in drawing 36 . The gestalten of a suitable antenna 
differ according to the operating environment of the equipment 90 carrying an antenna module, 
and its equipment 90. According to the antenna module of this invention, according to the 
operating condition of a personal digital assistant, the gestalt of an antenna changes to the 
optimal gestalt automatically. 

[0254] Drawing 37 (a) shows typically the directivity of the antenna 50 when the personal digital 
assistant of drawing 36 awaiting and being in the mode. The gestalt of an antenna 50 is set up so 
that it may await and large directivity may be shown in the mode. In the mode in which it looks 
for a communicative partner, by giving a gestalt with strong directivity to an antenna 50, and 
changing the gestalt serially, as shown in drawing 37 (b), the strong directive direction of an 
antenna 50 is changed. As shown in drawin g 37 (c), the gestalt to which directivity becomes 
strong most in the direction of the source of dispatch will be given to an antenna 50, and an 
electric wave will be transmitted [ if the direction of the source of dispatch of the electric wave 
emitted from a phase hand loom is found out ] in the above-mentioned search mode, and 
received efficiently. 

[0255] (14th operation gestalt) Drawing 38 is the perspective view showing the example of the 
communication system with which the antenna of this invention is used. The communication 
system using a millimeter wave is illustrated by drawing 38 . As shown in this drawing, the base 
station is prepared at the tip of the optical-fiber line of a large number which branch from a 
basic optical-fiber line (Trunk Line O-Fiber), respectively. Moreover, the radio network for 
performing the communication link by the millimeter wave is formed in each home (or office) 
from each base station. And at the wireless terminal (mobile station) of each home or office, it is 
possible using the millimeter wave to carry out supply of the various media to the device of each 
home or office, the Internet communication link, the communication link between mobile stations, 
etc. from a base station. That is, since a millimeter wave has the wavelength near light, it tends 
to receive jamming by the body. For this reason, up to a base station, transmission and reception 
of the data based on optical communication are performed through an optical-fiber network, and 
conversion is performed between a lightwave signal and an electrical signal in a base station. And 
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wireless access using a millimeter wave is attained between a home or office, and a base station. 

[0256] The antenna of this invention is used suitable for the transmission and reception at the 
time of performing the above-mentioned wireless access. In some systems, wireless access 
through the antenna of this invention is possible between the base station by which direct 
continuation is carried out to a basic optical-fiber line, and a Personal Digital Assistant and the 
terminal in a company. 

[0257] Drawing 39 is the block diagram showing roughly the configuration of the communication 
system between the base station shown in drawing 38 , and the wireless terminal in each home 
or office. The communication system shown in this drawing is equipped with the wireless terminal 
102 for communicating mutually through the base station 101 and each base station 101 of a 
large number mutually connected through the optical-fiber network (network) 100. Antenna 
equipment 111 for each base station 101 to perform reception of an electric wave, and 
transmission, The receiving amplifier 112 which has the function of amplifying the electric-wave 
signal received with antenna equipment 111, The transmitting amplifier 113 for sending in the RF 
signal amplified to antenna equipment 111, It has the wireless transceiver section 114 connected 
to the receiving amplifier 1 1 2 or the transmitting amplifier 1 1 3, the control section 1 1 5 for 
controlling actuation of each device, and the cable connection 116 for connecting the signal 
between a base station 101 and the optical-fiber network 100. Moreover, the wireless terminal 
102 is equipped with the receiving amplifier 122 which has the function of amplifying the 
electric-wave signal received with the antenna equipment 121 and the antenna equipment 121 
for performing reception of an electric wave, and transmission, the transmitting amplifier 123 for 
sending in the high frequency signal amplified to antenna equipment 121, and the control section 
1 25 for controlling actuation of each device. 

[0258] Drawing 40 is the block circuit diagram showing the internal configuration of a base 
station 101 in a detail more. As shown in this drawing, antenna equipment 1 1 1 is constituted by 
body of antenna 111a, and antenna switch 111b for switching transmission and reception of body 
of antenna 1 1 1a. In addition, the receiving amplifier 112 arranges a filter 131 and two steps of 
low noise amplifier (LNA) 132 to each serial, and is constituted. The mixer 134 for mixing the 
output of partial amplifier and a RF transmitter in the wireless transceiver section 114, and 
generating a RF signal is arranged. The driver amplifier 135, a filter 136, the middle amplifier 137, 
and a main amplifier 138 are arranged at the transmitting amplifier 113. The cable connection 116 
is constituted by the baseband signaling processing section 117 for processing a sound signal, 
the interface section 118, and the exchange control section 119 connected to the optical-fiber 
network (network) 100. In addition, although not illustrated, the signal converter which changes 
between a lightwave signal and an electrical signal is formed in the interface section 118. 
[0259] The antenna of this invention is used as body of antenna 111a, for example, functions as 
one slot in a slot antenna. 

[0260] Although especially each above operation gestalt has explained the case where a gestalt 
applies this invention to the antenna which changes dynamically, the design approach of this 
invention can be applied also when designing the antenna with which the gestalt as shown in 
drawing 1 (a) and drawing 2 (a) was fixed. 
[0261] 

[Effect of the Invention] Since the optimal antenna gestalt which shows a required property out 
of many combination of the gestalt which can be taken can be found out appropriately according 
to this invention, it is possible to choose the antenna gestalt which was not acquired at all by 
the conventional design approach which had chosen the outline gestalt of an antenna based on a 
designer's empirical knowledge. Moreover, since skill of a designer becomes unnecessary, cost 
required for an antenna design is reduced. 

[0262] Moreover, according to this invention, equipment equipped with the antenna which can 
realize dynamically the gestalt chosen by the above-mentioned design approach can be offered. 
Such when a gestalt changes dynamically, the antenna in which the optimal gestalt is shown 
according to a communication link situation can be formed. Moreover, it can perform now easily 
actually measuring and evaluating the property of an antenna with various gestalten, and 
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choosing a desirable antenna gestalt from using equipment equipped with such an antenna. 
[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) is the top view showing the example of structure of the flat antenna of the 
conventional current control mold, and (b) is the top view showing the example of structure of 
the flat antenna of the current control mold by this invention. 

[Drawing 2] (a) is the top view showing the example of structure of the flat antenna of the 
conventional magnetic-current control mold, and (b) is the top view showing the example of 
structure of the flat antenna of the magnetic-current control mold by this invention. 
[Drawing 3] (a) is the perspective view showing the array of the conductor element 12 in the 1st 
operation gestalt of the flat antenna by this invention, and (b) is the perspective view showing 
the antenna in the condition that the connection element 13 has been arranged on it. 
[Drawing 4] (c) is the top view showing the array of the conductor element 12 with the flat- 
surface configuration of ****** in the 1 st operation gestalt of this invention, respectively from 
(a). 

[Drawing 5] (c) is the top view showing other examples of arrangement of the array of the 
conductor element 12 in the 1st operation gestalt of this invention from (a), respectively. 
[Drawing 6] (c) is the top view showing the example of arrangement of further others of the 
array of the conductor element 12 in the 1st operation gestalt of this invention from (a), 
respectively. 

[Drawing 7] It is the 1st concrete instantiation ******** of the connection element in the 1st 
operation gestalt. 

[Drawing 8] It is the sectional view showing the 2nd example of the connection element in the 
1 st operation gestalt. 

[Drawin g 9] It is the sectional view showing the 3rd example of the connection element in the 
1 st operation gestalt. 

[ Drawing 10 ] It is the sectional view showing the 2nd operation gestalt of the antenna by this 
invention. 

[Drawing 11] It is the sectional view showing the flow of the current in the antenna of drawin g 
10 . 

[Drawing 12] (a) is the perspective view showing the appearance structure of the 3rd operation 
gestalt of the antenna by this invention, and (b) is the perspective view showing the antenna in 
the condition of having removed the dielectric substrate and the conductor element. 
[Drawing 13] (a) And (b) is the sectional view showing the 1st example of the flow means in the 
3rd operation gestalt of the antenna of this invention, respectively. 

[Drawing 14] (a) And (b) is the sectional view showing the 2nd example of the flow means in the 
3rd operation gestalt of the antenna of this invention, respectively. 

[Drawing 15] (a) And (b) is the sectional view showing the 3rd example of the flow means in the 
3rd operation gestalt of the antenna of this invention, respectively. 

[Drawing 16] It is the perspective view showing the appearance structure of the 4th operation 
gestalt of the antenna by this invention. 

[Drawing 17] It is the perspective view showing the structure of the 5th operation gestalt of the 
antenna by this invention. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2006/06/22 



JP,2003-332814,A [DESCRIPTION OF DRAWINGS] 



2/3 ^— v 



[Drawing 18] It is the perspective view showing the general-view structure of the 5th operation 
gestalt of the antenna by this invention. 

[Drawing 19] (a) is a sectional view of a flat antenna of three conductor elements where the 
three 1st dielectric elements exist caudad, and (b) is the top view. 

[Drawing 20] (a) is the sectional view of the antenna with which the 1st dielectric element of a 
large area exists under the conductor element of both ends among three conductor elements, 
and the 2nd dielectric element of small area exists under the central conductor element 12, and 
(b) is the top view. 

[Drawing 21] (a) is a sectional view of a flat antenna of three conductor elements where the 
three 1st dielectric elements exist caudad, and (b) is the top view. 

[Drawing 22] (a) is the sectional view of the antenna with which the 1st dielectric element which 
has the high dielectric constant epsilon 1 exists in the lower part of the conductor element of 
both ends, and the 2nd dielectric element which has the low specific inductive capacity epsilon 2 
exists in the lower part of a central conductor element, and (b) is the top view. 
[Drawing 23] (a) is a sectional view of a flat antenna of three conductor elements where the 
three 1st dielectric elements exist caudad, and (b) is the top view. 

[Drawing 24] (a) is the sectional view of the antenna with which the 1 st dielectric element with 
average high specific inductive capacity exists in the lower part of the conductor element of 
both ends, and the 2nd dielectric element with average low specific inductive capacity exists in 
the lower part of a central conductor element, and (b) is the top view. 

[Drawing 25] (a) is a sectional view of a flat antenna where three conductor elements touch the 
dielectric element, respectively, and (b) is the top view. 

[Drawing 26] (a) is the sectional view of the antenna with which the central conductor element is 
separated from the dielectric element although the conductor element of both ends touches the 
dielectric element, and (b) is the top view. 

[Drawing 27] It is the perspective view showing the horn antenna by this invention. 
[Drawing 28] It is the perspective view showing the slot antenna by this invention. 
[Drawing 29] It is the block diagram showing the operation gestalt of equipment equipped with 
the antenna by this invention. 

[Drawing 30] It is drawing showing an example of the relation between an antenna gestalt, 
directivity, etc. 

[Drawing 31] It is the flow chart which showed the example of the procedure which measures 
the directivity / gain / impedance of an antenna, changing the gestalt of an antenna. 
[Drawing 32] It is the block diagram showing other operation gestalten of equipment equipped 
with the antenna by this invention. 

[Drawing 33] It is the block diagram showing the operation gestalt of further others of equipment 
equipped with the antenna by this invention. 

[Drawing 34] It is the block diagram showing the operation gestalt of further others of equipment 
equipped with the antenna by this invention. 

[Drawing 35] It is the block diagram showing the operation gestalt of further others of equipment 
equipped with the antenna by this invention. 

[Drawing 36] It is the perspective view showing an example of the antenna module which unified 
the antenna by this invention, and the circuit which controls the gestalt of this antenna. 
[Drawing 37] It is the perspective view in which (c) shows typically that directivity changes when 
the gestalt of an antenna changes from (a). 

[Drawing 38] It is the block diagram showing the example of the communication system with 
which the antenna of this invention is used. 

[Drawing 39] It is the block diagram showing roughly the configuration of the communication 
system between the base station shown in drawing 38 , and the wireless terminal in each home 
or office. 

[Drawing 40] It is the block circuit diagram showing the internal configuration of a base station in 
a detail more. 

[Drawing 41] It is the flow chart which shows the example of a procedure of the design approach 
of this invention. 
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[Drawing 42] It is a drawing explaining an example which describes the gestalt of an antenna with 
a matrix variable. 

[Drawing 43 ] It is a drawing explaining other examples which describe the gestalt of an antenna 
with a matrix variable. 

[Drawing 44] In case it asks for a field pattern, it is drawing showing the finite element in the 
finite element method used suitably. 

[Drawing 45] It is the flow chart which shows other examples of a procedure of the design 
approach of this invention. 

[Drawing 46] It is drawing for explaining a gene algorithm. 
[Description of Notations] 

1 Dielectric Substrate 
10 Unit Cell 

12 Conductor Element 

13 Connection Element 

14 Touch-down Conductor Plate 
17 Dielectric Film 

2 Three Conductor 

2a The edge of a conductor 2 

50 Antenna 

51 Mechanical Component 

53 Design Section 

54 Gestalt Design Control Section 

55 Storage Section 

61 Communication Circuit 

71 Level Detecting Element 

72 Directive Distinction Section 

73 Gain Distinction Section 

74 Impedance Distinction Section 



[Translation done.] 
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so mu**ry7 (b) iSit/^rE^x^y (c) $rglt)51 



(3) 
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r^^i- commute fc-tz>. ae^r>^=n; xj**^ 

[ffi:*3g 14] 2 &7c£7tte 3 &7cO»«rffi«Sr«« 
05HK«cK!S-r5#a (a) ts 

S***i-6^«k (b) t, 

*n5T^+o»t»«rH:Si-afT5** (c) t. 
WE^a (c) ^j|$iifc7y7t«ii:J:oT4 10 
Z&WtM^*vWmA'<9->***>*¥* (d) 

Wie^a (d) fc*5V^*»&*tfc«»#^* — 
*3V>T, mET^-*-04*ttfWB«:ff5*«k (e) fc, 

a (a) fc, 
£IWr*3M£ (b) 

SEX, a3j:i//*fctt***JI«>»ff*rtTV\ «rR«* 
HSrMrt-S^S: (c) fc, 

(a) fc, WE«Wffl«rtl^*K5T>^^oJB184: 40 
eai-SSMkfcJtfci-a*^*:/ (b) fc % fitjfE^&£ 

x^-^ji^^i-stTP^^^^ (c) wre^x 

r/^ (c) T^^f:7>7tO»]:oT4Ca 

mm^zr y-? (d) i^*3i^*«>fenfc«a*^^ 

(e) fctJUfrS*, JElc N *45»oMti:o 
V>T. 1&%Z*y-y-7 (c) A*feiME*^*:/ (e) 



0>3Eft0>* * I- «fc o £ mm £ 5 fl * ©7 
WtfcMtS^^y^ (b) ffrGffffiOfirJK^X 

-3^x. llamas sx, *3j:t//*^ 

**ry7 (c) ££rHfT£-g\ Xlc, MR*^*^ 
(b) *5it/WE^^^^ (c) Sr*9 5gU-CHfTS^ 

*S: 1 o£07 >-T-fW& t LTaMBS-****** £ , 

3* 7^:7 (b) t % «riaae*«:»5ti-5r.tJwj: 

fTP*^*:/ (c) UWB^^y^ (c) -C*«*Jx 
/:7>7t«i:J:oT4i:5 WSE»*r 
/^-^WS^f^y (d) fflfE^7 t ^^ p 
(d) iCS3V^*«)fen^:««»^^-^lC»^V^, 
>T+<D&&<DWffi*?T 0 *T y? (e) <!: £g| 

y (c) frbWRXTV? (e) *-C«:«**^ttafeW 
[0 00 1] 



(4) 
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[0 0 0 2] 

IttSWttW] TV, 7^^^T 

It, BMfes Hffe«#^««iKfcg»afcfc* fcfcVM*^ 

ttT^-J-fcW:* «;ttf, ^7^77^rt, EMIT 
[0003] rtvborv-^jwov^ii, J&iPitt. #J 

[0 0 0 4] J: 5 47yft$rSttt5*St tt 20 

ttSrfta-fb-r £*LTV^ e 
[0 0 0 5] r CDi^OT ^^i-#^^l¥{ffi^^> f» 

[0 0 0 6] 

HMWtRl ] #§19-51224 
[0 0 0 7] 

[0 0 0 8] *fc, K^mt^ifcl-fcV^T, i^SU 

[0 0 0 9] *JgWO^Si»J4. BMH-#fc«ikfcJ: 
b-f, M47^Tt^^St67y7 L tfi^ 

[0010] sfc, **w©«,<0Btora\ ±EoT>-r so 



[0 0 11] 

(b) 2:, lOTE*^*:/ (b) "CifejeSixfcX^-J-O 
v-? (c) ttlE^T^ (c) l£*3l>T# 
*&$$m*'<rsb*7-y7 (d) ***** Sft*«Sfc0>3E 
(d) i^fcWR^fcttafeyOtt^Slff-rSwirtcJ:^, 

tfriamsoacft^* * <£ o riaa $ ix s ?£S £ tfi" 5 
ii/r 07 >t t ^ttf?ffi^I^#t , r<z>4t*£f¥« 

[0 0 12] »4UV^K»IB^*3V^. ffiffi^ 7^5/^ 

(a) Ttt, m»«^•l*rt^w33V^■CT^•^■*^«*L 

T\ fi* cor ^-r-^cD^^^rfa^-r^p 

[0 0 13] »4Uv>Jtl£««^v^. ffiE^^y^ 

»#co*SiSr^ b 3 ^^Stt«»iai?7^TtO 
[0 0 14] »*UV^J|*»«C*3V^T, 1^7/V^ 
JKntSK^xs/T* (b) ^binB^f^^ (d) trlftO 

[0 0 15] »*Uv^HJE«tt^*3V^, ttlB^^y^ 

(b) 7^tfc»aiJ:)!:t5«*:7W 

[0 0 16] ff*UV^**»»!:*3V^, 

5 J: 5 t^ftrfa^T- v ~? (b) ^bBute^x^^ (d) * 
[0017] »*uv^sti£«»-*3v^, ^uiam^o^ 

^SrJEU:**. fulS^x^/^ (c) Ttt, *ISK*ifc«r 
[0 0 18] »*UV^16»«lwi3V^-C, T^X^Stt 

^ (a) -en, «rET^^»«-»*«*i-*5WSir» 



(5) 
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[0 0 19] **Klwi6teOT ^^-^Rft^jfett. 

5^7"^ (a) «f|£»tt»rt*8k«:fflV^T>'7 t 

(b) fc, (wE^x*:/ (b) TS«SHtg»«riv> 

*ry7 (c) fc, (c) T**SixfcT> 

Tt^M^tS^Ti/T' (d) * % iuE^-r*:/ 
(d) ^isv^TttHJSixfcT^^oWttiSMattHI- 
fc^^S^ftWSiJi-^^T 1 ^^ (e) iSr*^ buIST 
^^o4*ttiSBfa»H^*6*-CW1B^^y^ (c) 
^bltE^y^ (e) $rjS»?3li-c 
[0020] »*uv^jtlt»»ci3V^T, milE^^^y 
(a) -era, «rE*«S*ja^&£* ryrtM^l: 

ftuxfcf, srie^xs/^ (c) vn. itifmmmmz 

[0 0 2 1] $?£Li^H^fiSl-*3V^T. WE* ^s/:/ 

(d) Tit, r^^to3pj», isma-atM^*-^ 

(e) 7yrt«, If fattXlM 

[0 0 2 2] #4 Ll^H^lS^^T. BUE^X^/^ 

(d) Ttt, ^^btOM$r^tT7yrt 
[0 0 2 3] ^wor^-^^Rtt^ftii, 16^7 
x $ H# 5 2 4 *: It 3 SWc © £ El £1S3£ o 

&u tinaoT7y7t«i^ftt5^7^ 
^ (a) tffEff*<0«*H*:K£u UtiE^mH*: 

*^i-5«^oW-»^J:oTE3fiStt2>*l»S:*-rs« 
^OT^^OWttSrffffli-rs^^^^ (b) 

KES«^^JCS<5V>T, ttE«fcffllw»i-S31 

v\ iitE^HfcKBrr**^*^ ( c ) t, hhe*^ 

yzf (b) fc«tt/BuE^x^y (c) ^m^Mrt^ k\z. 
ttEffFffioBf*«**:«*.*W4«:*oT^^ 

[o o 2 4] *&m<D7> : r-r<DWtftmw.te* 2^4 

fell 3ft7£©»W«l««:a»W»*^ES-rS*» 

(a) i % ttE»«f«*rt^*ixSr>7 t ^O«lK«r 
ESSi-*«*4rft*1-5*« (b) fc. llt»EKK«:tt£ 
t^: tic J: 9. gtfESSKioTE^ixST^-*- 
o»««rR*i-*ff5*« (c) 1iuE^J£ ( c ) "C 



<0tt«JM* (d) HtfE^S: 
(d) ic*3v>T*ftbix^.««l?»^^ — ^JwS-^v^-c, 
luE7y7to#14M^fT?¥t (e) A 
ft6«»«0SMfefcovvr, ffiEaC»0»S*»feWfBT> 

4rfcJ:»K WE««^aE«o#*(cJ:oTE3eSix*» 
llfe*t Si* ©7 ^7t Otttt»§©8*t:#T , r. 

10 [0 0 2 5] **SB©*OT^'i-|W«««l, X 

2*5E*fc«3*5E^ffilB*«fcO-fe 
/W£E®U BuEa*^-fe/^^ix-€ix«?)*>Xfoixfe 

(a) fc, WEW#©««ffl«rR3eL, suES«a^« 
St5i*<o»*i:ioTE»SiiS»ll«:tt5 7y 
x^<B#tt*IMirf-*#» (b) t % WEWffio»*lc 

g-o*v>x, «E**fflfc*t-ra»^ £x> *j:u</* 

20 S^gfc (c) ir^rii^. SlET^^^^ttOSiffi^fJ 

So 

[0 0 2 6] ^(^^yta-^ • :/o ^Ait => 
yt c ^-^|:^LT, 2 &7c£fcte 3 *5c(0«*r«:tt«: 
«*©lf*lcOTi-5^^y^ (a) fc, WE*W« 

S^x^y (b) fc. rirKJfc 5, 

ttE*»»wio"CE3eSix*T^^«>»««:»3e-*-* 
30 ffj*^*:/ (c) fc, ItE^y^ (c) 

— ^fc**)*;*^*:/ (d) il^r^^ 

(d) \zm^x^^>thitmm^y<^—>\zm^^x, 

IBrET^^OWttOfMStrfTS^^y^ (c) i: £H 
:/ (c) d^iE^fyT" (e) *-C*rW**feW:atW 

40 [0 0 2 7] &$tmCD{&(D=i>'t c ^ — ? -^d^7A 

^7L*ft:li3ft7C<75^Pfl€r1S»(0-fe/WcE:®L, ffirEH 
»ot;H:tihfhli 9 fcT bhfcM^ ft * 

^x^-O^IB^fiF^b-rs^^y^ (a) t. fufEf^ 
OMliSrfflf L, WE«*H£*fiJ^S«*OffiF*i;: 
ioTEi$K5^Mft57>7t^lrWit 
(b) BuEf¥ffi^^^lcS^t>T. B9E 
««H»c*M-6»l. SEX, *3iV/*^tt»«8CJlo 
so aett»ff«rtfv\ lWEWfcHfcJEtti-S^^y^ 



(6) 
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(c) fcfcjtt?**, 5El-x mL^T-y-J (b) *3it/ 
m^t^y-f (c) SrHkfliSLTS^rS-frS, 
10 0 2 8] **«oKfllli. SVMc^gf^J-u 

Sflr**r**-r5BibEI*4:, &t*J*2:« Iul£?S*^i- 
EltS^^tx^ (a) WEllH»ftiKErt»w**Jx 
(b) miBac*«rKfii"5-fcl-J:5, ttE**fc 
^ (c) fc, ffirfB^^y^ (c) ■C«t3e**LfcT^+ 

ioT4i:?> bu ib«pw«* ^ «■£ jm< 
#»*;*^3^ (d) ks (d) |::*3i *T 

&&<DWm*'U0* i Tv7 (e) fctr^HTS*. 
*65Hft©8*t-3V^, UtrlE^^y^ (c) ti*h1fo 
IB*^*:/ (e) ^-CSrW^^liafe^JKU-**?*** 
wiriest), iWE**©**©#*^J:-pTB*S^« 

= • :/n^7*£*MrtLfc*^y 

[0 0 2 9] 

[0 0 3 0] 04 111 *^Hi5T^^^Sft* 
[0 0 3 1] £i\ ^fy^STlt, »*fffi«^>±* 
« (7>7t*«««) £^A,Tl^ c i-fttefe, *W 

[0 0 3 2] ^^ST2"C, »«rS«<^5 

^7^STK ST2©»BO*#«*WTIcKWi- 
[0 0 3 3] Si* , HI 4 2«:*SU*i5fe, ffHcDJM* 



10 

[0034] IH42 (a) IS, ¥®3!7 ^"J-fcKtM- 

TV^c U4 2 (a) 4 008MM48M*3 0 2 a 

-3 0 2 d£«j£g*£ LT^tj>X>7^3 0 13&S»S 
tLTV^c H^Sti/O^ 4o^H4S»3 0 2 a — 
3 0 2 d<D**l4. JU^^B^* — ^*:*^^* 
:il^^^IttW 302a-302d 

10 [0 0 3 5] ^42 (b) (^tJ:5l:, 

302a-302 d 3&5«t«i"*«««:T >^ 

X-&%1Zltos ^^3 0 3 fclTfeilWU^&ftS^ by* 

^JRSrRW-i-sa^tt. "fe^3 0 3 Sr 3*5c«^E^li- 

[0 0 3 6] #"fe^3 0 3 151*5 #a2*#G>*« 

£"0"*3£tr 1 laot^- Kfl:1~* (3-7^f >- 
20 ^) „ H4 2 (b) fcasVvC/Ny^^Sixifc-feA'S 0 

0 3lCH:WflC3as«rtEUttV^i-Si:. i42 
(c) ^r»fl[oa3&s»feix6 0 roJMtrofflrt:* m 

4 2 (b) »c»i-i»flc©»«^»J6i-6K»xij (xij 
lilXliOT, i =M, j =N (M, NWtjE<0BE«O ) 

tit T^-*-o»«l«rlB3fii-5K*i:b-C. roi? 
Mi ^^lriv>5 0 fc*5* -feZUS 0 3 3&*31fc5cftte 

so [0 0 3 7] T *SE«fcfc:<M5F 

[0 0 3 8] gj4 2 (b) *5cfct5II!4 2 (c) (III*, ffi 

5 (M, NttiEOffiR) o M*tN?iJcD-^ b y 

40 ^SEftoRJi, 2 CO (MX N) *t*So -^by^^as 
t2© (MX N) ^rO* 

[0 0 3 9] JW±oR,M36^e>W6>3ei»*J:5«-. 84 2 
(c) ic^i-Scfficoa (vhH^fS) H HI4 2 
(b) t^-f-am** (#^*s-fe/Hc#JEi-6) OIE^J 



(7) 
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Jf) Lfct©l-«Si-5o m^tLZt. 142 (c) 

*±x<D®nw.k Lxmvi-rzz k&*im\z.t£&. 

[0 0 4 0] roj;5Jw**WTtt, 7yTt0«$- 

Wfctf-O 0 1-00 1-0 1 1 Sffl^E^J* 
iV^rtia^ SfifT^^yXi. (Ge n e t i 20 
c Algorithms) S/jNtt#ft5fta» 

10 04 1) ae^x^y x^^t*^ 
[0042] ififr;^ y Xix t r^tewr >>u=f 

[0 0 4 3] 16f7^^!)XA"Clt Rtr»*©'<5 

^ffe-feffc (C h r omo s om e) tl^tfjxS^ 30 

^7^-^TS3l$il5^fi!rItfc7yTt^*^ 
r<l# (Indivisual)j 9 , <@#O^H 

^ffl (Population) T'fc^c #J8HL£*X 
fctillCMtt, IK (Selection) , £X 
(Crosover) s (M u t a i o n ) ft 

(«) tfffaE-*-*ft£\ BrS©ftttis*fcSjifci*, 40 

ie^7/^yxAtt*7t5 B 

[0 0 4 4] ae^T^^yXAiC*5VNT. «^liffl#: 
{1111} {0 0 0 0} le*t LT3fcX<D*& 

SSrtr? ®# {1 10 0} isitflffltt {0011} 
fttf#£j*Sil,S. *fc, W(llll) l^lt^ 
«Sa*<o«i31SrtT5 {110 1} is&rtSix 

left*. 

[0045] ftfc\ rpffij n % 7>"ri-m£*'J±to<o so 
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^S!l^-r5r ^iottr5 e*fc-e#5. SgfT^^ 
y XASrT^^-»tt»caffli-s»-&icMft#a:A 

[0 0 4 6] &tc, B4 6 Sr#HBLft3&5fe, JiaBU^Jt 
[0 0 4 7] *i\ i46 (a) IC^i"* 5 ^3&<D 
(a) Tli, 4■oOT^7 L ^*lS3& 5 ffil^Si^TV^«>^ % 

■A/Tt>Av\ H"Ctt. 1 6*?x 1 7W<D-t h y ^ 
^SaVCiStK *v>ffi#asW{Mfl#Tfc6 0 16X17 
= 2 7 2t?fc5fc«), #7^7^114, Toj ^Ttll 

r 1 j o^ffl(0 2 7 2<Bcov— fltt-fcai^tt^ h y 

[0 0 4 8] ftjc, «»H»e#LTSX-W8**»ftif 
0)#L3l£tT5e 04 6 (a) l^£ix£ffl*0?£1&te, 

3C*fc»«ttft«ia»eJ:or|ltTSn*o 14 6 (b) 
l^i-WCIi. X3^£&KJII£J:oT, 14 6 (a) 
lei4H^S*xTV^ftd*o^3K«3& s *fiJE*lxrt^o 
[0 0 4 9] ftlC, i4 6 (b) \Z7F'fMm<DT>"r1- 

Ki-5^^t-r* 6 14 6 ( c ) \z.7h^rm& 

&miiizti+ «fcft**H * D ^<d-&, *£xft 
z<D®m*'m\ 14 6 (d) \z.7jk-fx 0 tu« 

?o IflOgl, 146 (d) 0£f{|ij{C^-f-^ 

[0050] zcDXvttmzxtifc^ &m*mm<D<p 

[0 0 5 1 ] «±RMLTtfc08-Ctt. ^!BKtrO*t* 

ffiLftv>«iSc (6i>-fc/i0 fc«iSfeSffi "0" ^f»J»p 
tv^j65. «F-Wko*ftttrixfeH36$Kftv\ 
[0 0 5 2] »(e. H4 3 Sr#S8Lft*5b. fe<D&F^<t 



(8) 
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[0 0 5 3] Hi 4 3 (a) — (b) IS, ^tl^tl. 1)4 

2 (a) - (b) iZttfc-tZmmT'frZo HI4 3 (b) 
tM42 (b) ££JttfcLT:fr;6>5«£ 0^. w£0^-C 

3 (c) II, i43 (b) OSHflc^^-^HSEtJ&rSK 
^xij (xijilKf v h03ES-C, i = M, j=N 

(M, NttjEtf>MS) ) ^fett*^ ^^«:»U-CV^ 
7^^«tt*:lBSfci~a^ h y ?**&mt U 10 

[0054] HI 4 3 (a) - (c) fc**S*iaW*flStt: 

= 9^* v M7-*4 
if«:JBV^fc*iiRtf3&«nfiTfc*. 

[0 0 5 5] 4*3, 

ffffl^oiPit, if*: RrSEJ-U, 

rotlM]" 1 TotE + [o](fiE/6t) + [ 

[0062] a; (1) wsv^ i/i48«^ 

[0063] 4*5, ^ (1) mRE&m&t-rzm 30 

[K][E] + [C](« [E]/6t) + [L](« 
[0 0 6 6] 5t (2) 

fc*<EPlktr*i-^<^ h^-c. [k] ttSMn^yy 

^ [C] lt7yrt^ir/uo»ft*^^- 
ioTt^5«S^^ hA-T'fct?, [L] 14, 40 

07 y y ^1^7 t^ii: i o t Si S«S^^ 
hA--?fe6o F (t) 14, T^"*-#3:tt*«* 

[0 0 6 7] 5EirRWLfc±5lw, ^lOTyTtO 
JBIRRW-^iixtf. 7 yft^Rtt^fcaSXT/ttoH 
BOSmtME (XI4f6»ftO Sr-frtf ti" 
5 6 114 4 12, Jll OjJJtJBttORW-^tt^fflv^fens 
»W«*«:KWU^*»K*W-*tt^*3«tS«»EO 
^^tUtfe^o §44 (C^-fi 9 ^FfM^ so 



[0 0 5 6] »±fc«»Lfc3MfeKJ:!K ^T^ST 
^ArfcjeK)*. :^#i4^ll T>"7^<^J#, jfral 

[0057] ri:, ^fy^sT4t, jgiiiaaofe* 

OSEROIOJBUI*:. i42 (c) ^EU 3 

(c) IwtjH-^ V y ? *<d£ b WfcSEi"2> 0 ^<o**ry 

[0 0 5 8] ^y^ST5T*tt, »RiaROfc«>©* 
Sc (« b y *:#BRU4*b, *ME-f-a»* 

i&KfcJCtTWPri-a. r«>«MMM4i«:, 
[0 0 5 9] ^f^ST6m #RK*i6*r«fflU 

a B *o^ao-«*rttTicRWi-a. 
[0 0 6 0] «Jl^*W©«lfcft**»* 
14, -7 ^ ^ ^ x;uoiI#J§^^ ^^H, TRS 

(1) ICt^^^^^o 

[0 0 6 1] 

f ](6 2 E/6t 2 ) (1) 

[0 0 6 4] ^LT, _LfE:£ (1) «:*Wr««a>»l;&^ 
^* (*RSMfH) «»K*Ji*-C«Rtt4iE 

flas-eEfeifiiauT (i) f y a. 
hy ^^ssfcPWiixsTiaa: (2) sr*#m-r B 

[0 0 6 5] 

2 [E)/5 t 2 ) + [F(t)] = 0 (2) 

E©j*»tt. ei -E8 i:is-e*a. 

E 1 8 ^r^tTV^e Ufc^oT, #»0tRI* 
^^oV^T. * (2) *»fe*R*»«>*RKltoaSt*« 

E 8 ffiifrlbbtlZo 
[0 0 6 8] 4*5, * (1) lw*5#5 [m] . [o] , 

[ E ] \^-rtihmmmm (e, 73, c) i-*5#5 9 

[0 0 6 9] wwT% 7yftO*t;KO|^^-^ 
*OJBB(Ojfe#*S3e*Si:. * (2) i:feitS«» 
v f y ^7 [K] , [C] . [L] ll^*5o 
B4 2 (b) , (c) fc»i-«-0W:, WfriSJBrtSixT 
v^5ir/^^^m^a $rl i: »*^^$i^TV^4v^ 



(9) 
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-aft* H43 (b) , (c) \ZTF-j-m-?n, Qr^jwm 
mmo\*. *<Dmft&^m\zfc ztzo^b i cor^m* 

T5£ (2) \z&vz> [c] mmiz* r^-r 

W^SW^Wt isttSOT, 5£ (2) icis 
ItSffift^M*:* [K] [L] 365^4 S^K, 
7yrtCA^^51$F (t) £<b£<aic<££i- 10 
S e r<D*#T5t (2) #*»B*lcis»t5 
«»E©»*ftif3ftS**5. "Til, m^E^tf)* 

[0 0 7 0] ^LT, #WiI*^iiKS!r8^tSr 

[0071] #*3 % T^-rvmrnzmtt^mtzitz 20 

[0 0 7 2] ftJC, @4 1 »t^T-7^ST 7T% « 

hy**) ^^jE-r^c ii4 2 (b) i^-r# 

4 3 (b) \Z^&±;^3 I 3<Dm#£^m*^-tZ> 

[0 0 7 3] tLT, T^^O^fflCioT^^nfc 
^ySTS-ST KDtoM&mVML. *^s>XST7 

[0 0 7 4] «JiO*jSfe^iixtf, HBUCT^T^O* 
[0 0 7 5] 7^=?yXAi:LTie^7^^y 
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(b) „ (c) {ZTF-fO^ l/^-^Mj^^^f 

/^-y^ct^^ §43 (b) , (c) tc^-r 

[0 0 7 6] ft*5, **J£«tt-ett, H42 (b) tC^ 
tt;H0 3^, H43 (b) id^-t"ir^3 0 3 £r . H! 
4 3i:*tfi**i:tW5 e L3&>U T 

Htrffl«»cHoT^ii^E©-rsr tic J: 5. T^^-T 

o*»^^3v^T*lSK*^fe^cJ:5«^8|^^D»«fi5^a:«fT 

[0 0 7 7] ^IC. 14 5Sr#flaLft^fe, ^^Ici 

[0 0 7 8] *i\ ^t^S T 1 1T\ T^-r^- 

^^fftifTfc5o 
[0 0 7 9] ^Ti/^STl 2T\ T^X-^CO^ 

[0 0 8 0] 7T«^ST13T\ ftWl-^liifi^^i- 

[0 0 8 1 ] ^tt, ^f'^ST 1 4T% Tl>"^-r<D 

^:-fe^S«H«*rlS»i-5^ h P ^^^ft^Tfc^> 6 
Mlfill (b) \Z7F^£0?j:T>^1-<D®MCOJ&fe 

[0082] 7f-^ST15T, 7T'^ST 1 4T 
[0 08 3] ^f^ST16T\ g^t-rST^X^- 
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[0 0 8 4] ^Ty^STl 7T\ ail^CD^m^tli^ti 

[0 0 8 5] *LT. T>5^tf>K?B£.fcoT#fenfc 
fy/STl 5 — ST1 7 0^HrSDItT, ^fy 

ft*. 

[0 0 8 6] iE^T^T^RttlfrSllS-^TRH-S 
ix5T>X^O^Iiii> H4 2 (b) SfcttH4 3 
(b) fc55*S*Lj: 5tt'** — ^*r*LTl^. rcofc 

tUT«.3£*ixS. tfcoT, MjtnfH4 2 (b) iC^i" 

Mt)07^rt^Sl, ^oJ:5^7yTt^j4 
[0 0 8 7] B±ttWUT*fcr tj6*fet>3b*6J;5lw, 

ft, 8ttSii57y7tO»IIW: l •*-fe^*r»-frLfc 

[0 0 8 8] WT, *«Mi:i67yft(08tt*ai: 
!6oT*f3ifc»lt*ix5T^-J-felft«i-5. future 

[0 0 8 9] [f»J»!7>'rt] ^f, il (a) 
fctVBl (b) fe#BBLft*Sb, #*H0>Rtf*ifcfc 

5 C 11 (a) It »tt#BSSixfc«««»fflo¥ffi 
T>-x^co#li£#J£^U Hi (b) tt, Slo|EX# 
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[0 0 9 0] ft*5, *W«B#I1*3V^T r««tt<BI»ST>' 

rtj tn. mai »*i:tiu, *<om&& 
[0091] «*o««m*s!g>3Wbt vrtit ei i 

10 ( a ) HL^-f-J: 5 \Z. % ^m^StS 201^ RttttSS 

2 0 l<D±lzj&&£tiiz%Tfes<*->'Zmirzmn<*2 

0 2, 2 0 3 tirttTl^. 1^1*2 0 2, 2 0 
o&Mg <D*5»# *: ft 9 1* < r i: i o T»« 3 ix 

So 

[0 0 9 2] 0^$;h/rv^0l|-?l4, ?1»2 0 2^ 
20 [0 0 9 3] ±fEOfl&*«Ttt. BfM©T^"J-«tt3S* 

» & ft s 1 5 wmh*^ * - > a*^ «>r «■ * ti-c * o , 

2 0 2, 2 0 3 ^IgttEimttSffi 201 ±TB 

[0094] — *\ hi (b) ti^-rm*^j»^^¥® 
«sn-cv^is, hi (b) i^LTv^i^a^su: 

[0 0 9 5] HI (b) OfHTJi, 2»5i««RcoHffi« 

J5£^*aLfci^*li*6o MfcSixfca* 
») lis R«fl*«±fc#ffiLfc*3u lft*SJxSi« 

[0 0 9 6] ft*3, HI (a) fc»-*-«-Ctt. Wmfr 2 

[0 0 9 7] Hi ( a ) <Dm\^, *<ft-fe^ 1 0 U"T 

so ©ifit;H 0 fc«ft»^«K*ixft^ofc*flr-fe^ 
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(JflRolffit^) lot, *r<o££. 

[0 0 9 8] w60J:5tci, Si (a) tc^-Tr i/7*-r\z. 
[0 0 9 9] WftftlUfflr^^-OlfttH^BIL 

[0100] I^Tx Hi ( a ) Iw^i-T V^^h t % Bl 
(b) fc*i-X^^fc^«ttftttiifcoVvr. £b 

[0 10 1] Bl (a) lC^-T«St©JISST^^(i, 

[0102] swi-sraftows^jHsas* 
[0103] :iii:MU Hii (b) iw^i-«at«j»s 

T>7^lC:fc^Tte. J*ffi-fe/Ul 0<7)5*>* 

[0 10 4] «*tf, *rtffilBrtOj»»fll«l5K^TV 
J&CT, Hi (b) *C^-r-fe^TU-r*^*ilffi«cRco so 
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[0105] tiwaryrt] ranum 
oWT^tMBts. in 2 (a) t*. ra«a s Bfi 

(b) Wt % ^ffiO^JE^ TOttmMMBOVET' ^7 

[0106] ia2 (a) \ZTjkirmmM'&M<o¥-my' >^ 
i«#i«2 ou, ^m*stg2 0 ltDj^^c^ 

«2 0 5 a a* % &mmz&\^x nm&^<D Axm-ft<D 

5 J: 5 (^m#'<*->a^ft£ftTv^c Hi (a) 
l:3M-7^ttB«l:, »«*2 0 5 W:il«UfcA« 

[0107] H2 (b) \c&+mxM9me*wm 

Lfcir/UT #$i££:3lF LTV ^ So WW^O^fi 

[0108] ft*5. rsiiEj tn. «sw^ii#aEU* 
i-*«#jc»i-6«w©a«i«ffl«r tmm xm~$-^t 

[0 10 9] H2 (b) l^tWWiOT ■*■ 131 
^5V>Tt> Hi (b) II^tlMM^TyT-^ £ 

[01 10] mffim9QM7>7 L -f\z.&\,*xh* tz^^i- 
k^xmm+z<Dnmni*'<*-^tiVT'Kte<^ mm 
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[0111) B2 (a) \Z7F-tmffifflffl§l7>Tl-\Z*S 
[0 112] inWtX, ID 2 (b) iw^««fW» 

HI 2 (b) l:^tt^7Wto*«*JWi 

[0113] — «»fW»ffi^T^7 t ^-n. 

10 114] *««*PST^-^*cfcv^W:. T 

ft oi£§{i iaoT7y7tIfl:4C5 m^x rut X 
ov^ix^-*Sr«IWi-5r. fctt, mmzit&t: htm 

'<^-* t L,xT>7 L -rmm<D'<*—>'&fflm-tz>jj 

[0 115] *HS or t oRH-iSl: i o T 7 V 

^tf^^ir-r^c »5ft#ds s Hi (b) ^Hl2 

(b) 0d»fe*5-fe>wT 
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[0 116] tt*3, *««i:toTRttSh57>'7 l t 
Pl7^t«l«7^t©7^tl*©/^-y 

[0 117] ^±^lft0J^C^V^T#mOT>^•7'O5 

y7tTfcoT^*^^tf*S^lfflLi:M$rt 
io g]i (b) (b) fc^Sixa±5ft*# 

*;i'<om&\z£<>xmm&mj£ztizT>'T'r<Djj&. 
miith, mi (b) icisfe-r^^^^oT^x-7-o 

[0 118] [T^-*-©3«t»«] WT, «»©R 
[0 119] (IlWiMI) Hi 3 (a) *3jlUq!!3 

(b) te, -fcix-Wu **Wo»ioltl£«tti-«^m 
[0 12 0] *jt*»«-Ctt, ^fs H3 (a) l^l" 

Sii:«tt*lfl«l 4;&sH:itk*xTi^S§m 
MSl^SU wOSSl(Dji^1S»^»«fl:SSl 

fc, *mmmxn, 3o^«t#g*i2cs3£t5 

hy jy^-O-i l £Kfi#gt£i o±ic|S: 
[0121] *HK«ttl£:fctt 1 2 co^p:® 
D3 (a) ^^-TW-Ctt, 2 4fi<7>SS«#gSil 

v\ 

[0122] 1201 5220^ § a Ji, Ik t) 

WtlilOOGHz (jg*»3xnm) ttifiO 
tfl. 5mmlgCRj|^^c — 1 2 

[0123113 ( a ) \Z.7f;1-#;1&<Dmmi*Wm 1 2 
l>ftv\ ro&B<aSi«*&«l «c«Mfc*J!M*L-C 
«»KoaSS{Slc^Kft«K*sii*#K»i 2 or 

t"f*fc££*V\ Hi3 (a) tl^-T^O 

so «*©«t#J*12tt, T^-T-t LTMtfMBLft 
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Zntit-tZia*. ftfOilMil 2«r«MMSfclS 

^t^fefcog^wftfeT,, rrm si 3 

(b) :©»*fSiir, SKIXi 

[0125] mmmm i 3 14, m 3 (b ) ic^i-eur- 

14, igf5 2oOWiftIil 2(1^— ^-9^^ 

[0126] mm&<Dm$L<EZ'<f?\az. mmnmmw 

mi3<Do%, £>5t>014, Pg-T5igm#:M3i 1 2£r 

l2B±Srtfttti:8«tiv\ 13 (b) H 

ttfHBRl 2H±£«»&-&Ti*3j&^ {&<om»9&l 

i\ U3 (b) 0*T*lw^+J:5**«ff 

[0127] rcoi^i^ *Sli6«lB-ci4, ^m#£& 
i±l:i8#I*i 2<07W^fc^tt*3f , * 

+ <D'J?tt< th-^t LT«tt5*t#/^"Vfc» 

[0128] 13 (a) ^^-TflfCtt, Ta5»** s *JE 
l 2^tT*5J:l^JA»fe*5^ h y 

14, i4 (a) ¥ffi«3|*3& s JEAft«tD* 
t#f*l 2 07W«rffiV^Tt)fiV\ H4 

(b) l:ftft*»o»t(»*i 207W^ 14 

(c) ld**i-R» (*fctt«H*> ^iMtl20 

[0 12 9] R«*aESi(D±lcA«I!l*:»rilLfe«, 
^OA«K*raiX-r5r.i^J:9. 2*m#^Si 1 2^¥ 

[0 13 0] 1 o^7yrt^tSiT^l*I 
Il2^^t^M>it|t\ US (a) IC^ 

-TJ:?!;:, ««ffSffii±ofi[ffi(cfl;CT#«ff^*i 
2 <D if << X-^mft # t L T v * t> ± v \ 
10131)15 (b) 14, AJl/mtiX-h t LTS 

mR*izi**ti£i±<Dy-'< xtt-tzmmft* v y so 



24 

[0 13 2] 05 (c) 14, *#3*5*uqzffi«:t#t<Z>» 
2 36MooW««:»*TU>frtlCj»q9E 

2^x «*»©*e\ jhs©**) i4, mmzimi- 

J: 9 fcS< Jx5. 

[0133] 06 (a) tt, 98«S«1 2 0iE?U*lRl 
asfl&<B«l;i:fcttS»«««Sil 2WMl:^LT4 
5° <S&LfcE»08Sr^LTl>S e 

10134] B6 (b) 14, h L"C«I6 

L» by >^1 1 j«»Rttfe*iTV^*« 

[0 13 5] 16 (c) 14, A*/a«3#- hi: UTS 

«i- 5*mffSB«-^»«ffss 1 ©Hartrewt* < 

[0136] *nft»«oT^7^TW\ 1 
[0137] #±*> j: 5 i-ia«$nfca»^)*mfl^s* 

[0138] f 1 Af*« 

£i\ H7^#B8i-^o 1 7 t^-TWTI4, g^^ifi 1 
fr«JlC!4, yi//>{K3^^TO7^fax-^, * 

SftSX 1 3 14, igf5 2o^f^ 1 2 ^^fcfc 
nsio&ih «KU*v^*2<Dffl«fcoiB-etta 

3 14, ^t5 2o^«»5Jll 2«r«fttt»c»«i- 
* 2 Ottilia* 314, 2 

o^^m^s^i 2 m^^^m^ 

[0 13 9] fc*5, 3Sr»*»i-T^^»^- 
$rl^5:HT'#5c :Oi^i7^fai-^ 14, 
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[0141] 12 Aftffl 

i 2 «r««in^«fti-5««s« 1 3 * i,Tmm-tz>m 

tfttKttTi^fti^ roi 5ftagm#>t£ LTIi, T/U 

[oi4 2] roea-cn tgrnwrni 3^&sii5i^-e 

Lftl\ rO^JT'll ^—^T^-r^mU 

«itT§5 e x^-*-0>4*ttn 

[0 14 3] ft*3, H7*3«fclfl2 8-Cll 1008HI 
*1 3^20^1MIl 21^-^77/^1^ 
^ gjttSSll 3 11 3 o^iiOigmtt^iii 1 2tfia— 

[0144] S3 ^tttfj 

otf>zff«#SSil 2 0HBomfttt*««/**«*tR*r 

[0 14 5] 8 *^s/f^h7V^^l 
3 all, y — KM>D, *3 X TI?— Y G £r^T L 

r*3t), bG^me^r^Si-r^r tic ±9, y-* 

3a», «Affl»h7^^^3&»b»«Sil, S«l 
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13a ^^WKftflM-Sfcfcl-ll ^m^<D 
B»lElKASfflv^feix5c H*EblEjS§il HSW^yfy 
^h7 V v?* * 1 3 a ^»^Sr#J» U T 
grao^ffiSr^i-^J:51-. l 2£r 

[0 14 6] I9T1^ ^^t^Ofcfc, h^v? 

7^i3a tmmtt&m 1 2 ©jlaj («»&<ai££(f ® 

[0 14 7] ft:fc5. F7y^^l3aO,J:5^^^7 

20 hum- sr. . mm,wmm\ 2<D&ms<*-^* 

[0148] (12 (omMJ&Wd H) 1 0 £#flfi Lfta* 

[0 14 9] HI 0 CDT^T^^^IE] 8 ^TF-tTl/^-t k 

Sfto-Ci>S;£H #mfl^3fi 2©ii:^7^fy^ 
7 ^ J* ft ^ j&» ft S St«ff R 1 7 is» it htiX v n * 

X 1 3 teBlltttR 1 7 £^ LTS*«#gSI 1 2 \ZiSLm b 

30 -c^aa*. *aiKoa«H*i 311, wt^ixi 2a> 

[0150] 111 «r#fHLft2&Sfe, HI 1 007^ 
Ofttfs&lftKi-S. ittCXl 3 11 M*Il 7<0# 

V^ftV^^^ ^lEi-«ttff®Sll 2 2:«R«1 3 ton 

19, Mlil 3Sr^LTB»i-SW**»2 0lBlC 
mSft^attu»^*tffitft5c ^fc, SjRS5Sl 3 2MSI« 
40 #11 7^fe>tS^|-«)^g|4 v t-CV^^Ii, *«ff^3!fl 

2 irSfiES* l 3 t <oBB^«***tt/h* < ft SOT, 
^ttm^ttt>/J^<ft ; £>o Lt^ot, lOi^jtttfl: 
fc*»«Hf*l 3 11 »i£-rS2ooaEttil*l 3l^dr 
«r*KttlJ:«:«ft««2:««Uftv\ 
[0 15 1] :oj;5H, MMi 7^#m^*i 
2 tmgiWmi 3 tOWtC^fiLTt, 8«**13S: 

1 2Sr«ft«3l2i««-i-2>r.t3&SpHg-cfcSo 

[ 0 1 5 2 ] si 1 1 -en mmftwm 1 2 srm^^tcg 
50 mirziztbizm^btit&^metwmi stK iiMi 
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m 1 3 i 2k<omz\* % i^siim^^ 

3*LTi*fc*v\ *<&»8\ SMftKXl 3£z*«fl«*i 
l 2 k<Dm<OBm&-*imz1rZZ ttt:-C*ftv\ roj: 

-^lUotglSgSfl 3Sr^fti-5ip(-UTti 

-g^fcftWKRH-r -5 r £ jBS «riE J: ft 5 0 
[0 15 3] B8l£^i-£5K:. liffil 7^ no 

5 ^T*o*m#g* l 2f^±^«51$itJ: 5 

FjSE£ft£o 

[0 15 4] ^biw. D9l^t^^yfy^f7^ 
**1 3 a£gg«*l 3itT«V^rttT*5. 
^fy^F7^^ 13a (7)^-> • t7i:J:!5 , 

aMtftsxi 2&±±mm-rz>wtek. **iat*s« 20 

[0155] (S3 OHJgim) B 1 2 ( a ) 14. «t 
**WtS^«S««M»ffl^^«JSfc*+^BTfc 

6 6 hi 2 (b) h: % ^lat^ttor^^^fc, 

»«4Eat^W*ffK*tl»*Ufc*iacfc^»«BTfc 
[0 1 5 6] *»6»t*-Cfc. HI 2 (a) 

0 0 GHz (jK««j3mm) tfifi<0{§-^£R 9 & 5 » 

»t(W*12©*Salil. 5mmSftTfcSo 

«m#s*i 2^j?^ii, 3g§«i-^m^som 
>-i i asRttfcjxTi**. 

[0 1 5 7] Hi 2 (b) Id^T* 5 *«#SSil 40 
2(D7W(DT*l:it t§«gi-5 2oo»«(*S*i 

5c ft*s, smebxi 3d. mi 2 (a) -eteuimfrm 
mi 2ftinBi«#*«i^j:oT«foixTv^5fc«>^a 

1 3 $:±T\zmm-fZ>tztb<DTi?^=Lzr.-f l 8 sPR 9 
ftitfeixri^. :^)7^ax-^i80iSi:ii 
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[0 15 8] ft*3, *jll6«ffiJw*5V^Tt>, S2 0^ig 

»*©rt<, 3 (xwci 3' ) 

*12 0*1412' ) tOW^R«ffR*s^«EU-CV^T 

[0 15 9] fcin, 3»Cj:%««ff«K 1 2 

(D^ii . ftWaoMfP C5U4SSS) o*«lcBi-S*# 

[0160] fg i 

hi 3 (a) % (b) a, jk 3 <omx3Bto&m 1 J^<*#l 

lci3Jt5T^^=.^-^0«3t*r^i-WrBB-efc«>o R 
0EKX1 3*s«**KXi 2fc«*M-*:Rtt (B i 3 

(b) *b) k, #&mz*zvtm (hi 3 (a) # 
^(cti, ^-*f&\&&T isTi-wm<os<* -is&mm^ 

fc9, fttoimmzZ<>XT>T+&m<0'<*-->&mJE 

[0 16 1] «S2Aff«l 
HI 4 (a) , (b) tt, g3^MiWg2AWJ 

iC^ttftT^^a*-^©«it**i-BBB-Cfc*. ra 

^Kitfenfc, SftSXl 3Sr3t«Pi-*fc«)©3tJ**ft 

iE«LfclH]BofBI»Jci9, S8E9l«l 3ds*««:^* 
l 2^«tti-64K1i (Hi 4 (b) »JR) fc, 
ft^JRffi (Hi 4 (a) #M) t«r«l9*A*J: 5 tcfll 
^^^TV>5 e r^^^^Ji, a—If iSifiig^ ^ 

[0 16 2] g3ftf*^ 
HI 5 (a) % (b) 14, «3<OStltSf«)«3A«fl! 

HI-^i-<tpH, - co^^^JT-li. T^^^-^-^il. 

IwKitfeJxfe, SttKXi 3*3t»+Sfe*^3t**#4 

lcSft5 2o^2o^«Sr±T^fii9^^r-5w <t i^J: 
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^, «»fcEfllL^:lHlKO»J»^J:l9, SHBEX* 1 3 2* 
»«W*i2i:Wlt8WI (Hi 5 (b) #M) 
k, JM*ftfc^tt«4tti (HI 5 (a) #R) fc*:S10ifc 

[0 16 3] (JR4 0Sat*tt) HI 16 II, 

[0164] *JEfc#*-CWt, il6 ic^-r £ 5 X 
BJc««»«(«El 4j&s»tt&n-Ci>5R«ft*Klo 

RSttSfil' SKSUl 3' XtfT*?^^-* 
18' £j&SR#fcixTV^ 0 Sfct:, »«IHIfl3' O 
Jl*»:i, «-Sj0E^*i 3' l:^-^-7^^t5*tft 

1*12' tfSWISjh/CV^. Vt^^ — Z 1 8* IC 
11, Itf^ 3 OiWiT^ Lfc tO^Jlt5 1 1 
2S-e#So fc«U T*^=-*l 8' fcftfcT, Jfg 

[0165] %2<o%mm<o^h < , mmsm 

1 3 (XII 1 3' ) £*«ti«Stl 2 (Xttl 2' ) k 
[0 16 6] ^Lt, *HJW«fc*5V^Ttt, 

mitwmi 2,12 s ^iB«$tufeis!!sos^a^±tf 

T*3t^T, ^1^*1*12, 12' MOtftttft 

[0 16 7] fc*5, lKrl^^Bl'-Jl4ostlS«lB^c*3v^ 

[0168] (jB 5 El 1 7 II, 

[0 16 9] Hll 7^*3V^Ttt, «iSSr3g#L«^i-V^J: 

*®#gffti 2^^ h y ^^7^>i i 
^sii 2^ h y >^7>r ^i i SrRm*s«i±i- 

[0170] *HSt«*TH, HI l 8 t^i" J: 5 in, m 
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BomSJftWWflMR l 4 j&sRrt fc*xTv^R«#K« 1 © 

±\Z S ?W^lMT'fc5St(tSI 1 2 ^7 U>f 

#U:E1»$*i-Ci^. *fc, MMSl^li:^, 3 
o(^)SI*II 1 2 IcSKSi" 5 <£ 9^. W^n^hy 
s/r/^-r ^i ltfRttfeixTv^. ^ttttgSi l 20 

ililOOGHz 3 mm) ttifi D © 

*tt#S*l 2©g$ attl. 5mm8STfc 

[0171] mm#wm 1 2 07*1:11, in 1 7 i^-r 

£ 5 t:, S-tSmttS* l 2 k««2»«fl:£ 14k ©mi: 
^ata^lMl2 oasKttfcHTi^o R«#K* 
2 0J1, Bfl»l 9 i fcU:R«#Sffil t*b'<*— 

*jtlfc«t|-CW:, Hi 9 (a) , (b) tc^£5 

iRt*S*2 0 b t^fcSi^l:ov>t, JfoiSfc 

[01721019(a), (b) H, 3oOit#I 
112 07*l: 3 00« 1 ^1*1* 2 0a jftSffft UT 

v^5^®r^'r^o^f®[gl^t5¥ : 3DSIT*fe5o mi 9 

(a) ^ti5C, #*m*K*l 2 ktttt««ffK 

14t«, ^ISOllil#Ii2 0a^SL 
Tl^OT, #*«#S*1 2£g%*«#BSl 4t(D 
MICH, v>r. k icioT^t^fitSE 

30 j&sSMxSp ^o*§m, HIl 9 (b) lc^i"£5t^ 3o 

[0 1 7 3] 112 0 (a) , (b) 11, 3oO¥i*I 

S1205 l 2 o7*l:li*ffiio 

Iiii#I*2 0amu Wo$iMii2 

OT*^H/h®aoS2R«ftH*2 0 b mtTV^ 
CL, 3ooSlM*12^?^LTV^c — 

ic 2^commm^. jtRm** 5 ««>T/hsv^«flc 
L^^aEUTv^av^^^:^l, «««*<oi&»^£o-c 

*4U4v^ S«o*t#S*i2 0lHlt)i:4i:2) 
aatiSo*dS5,^v\ ^Ojgm, HI2 0 (b) l:^-t*J: 
W*0#»«f*S*l 2 0^^rSi'9ffitf5Il5iU^ 

[0 17 4] rOj:pilUT, 111 9 (b) , i20 

(b) WtiJftWI^^-^lWP (XI1WS) §r 

[oi75] (jb 6 (Drnmxm) *»iois^j» 
so io7>7tii, mi 7, mi 8 ic»-*-r^-*-fci$ff 
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2 0a, 2 0bi:ftx.t, uMftm^ttmmm t 

nSlilftff 2 lah JfctfMffiV^Rtt* £ 2 
^^i-^^2^*^gd^2 1 b fetAIA/Cl^. 
[0176]@21(a). (b) It. 3O(0itM 
112 OT^C 3 oof? i 2 0a frf£& LT 

l^¥®T^^O|gr®0&tf¥®0T-fc5 o 121 

(a) H^i-JipKL, ^lM*12tg^M 
14fc©IBfc:. iC^tt:Rtt*£ l^«glllft:l 
i2 1a^6UV>50T\ #itMil2^gffi 10 

»m#Bi 4 b<om\at. i >w tic ±o 

X*Ztt&tiL9M&mtiZ. 02 1 (b) K 

^i" i 5 fc, 3 owitftS* 1 2 SrBi 9 Btf»Si»s« 

[01771022(a), (b) II. 3o©»t*I 
£l 2©5*,B»©M#Ml 2G>T*U:H:iliiMBI« 
^£ l^tt5$lM^2 1amU 
^m^M^ 1 2 OT^Cii £ 1 <fc D fcffilMfcRW** e 2 
**i-5*2ii««*2 1 bWSLTV>S7>'Tt 
^»ffi0Xt/¥ffiH-Cfc5o — «t~. 2oo*lWfl 20 

t\ 02 2 (b) (w^-f-J:5f-. f^C^## 

[01781 -Oj:5l-LT. 021 (b) , 022 

(b) \Z7rrtJ: ottmffi'tf-^nfflffl (XttSW) £ so 

[oi79i (K 7 <Dni&mm) *mm&m<ommmm 

%L(DT>T1-\1l, 017, Hi 8 fcl5l*HC*itS:tfL 
Tl>£2S, *5OSIlifi«18<D#Bi««:S*2 0 a, 2 0 

bdftaiT, ?«M«H:0t«*dSiKv^ig|«»S«2 

3 a b. ¥*9«J*JtR«*ASfiV^2»«ffR*2 3 b 
i*r«;tTV^ 0 imt*If2 3 aSt/K2Rt# 
M2 3bl4, V^*Lfc, *lMt»«*E l&m-tZm 
lfeat8B2 2ai, (SV^R«*£ 2 2 Ife* 
«2 2btl^J:oT*«$iirv^ B *UT, IlSI 40 
#»*2 3 a JC*3V^tt, «Ufe»«52 2 aOiS«>5« 
*A 5 *2|6*ffl2 2 b i , S2MMI2 3 
btefel^TWt, JS2»»aJ2 2 b©fi2e>5«^jgi|ft 
t£g&2 2 a ± 0 fc#V\ 

[0 1 8 01 02 3 (a), (b) it. 30£D^f*I 
X 1 2 OT^C 3 0<7)|g 1 il^Ii 2 3a tT 
v^spffir^r-^OWaaHX^ffiH-CfcS. 02 3 

(a) fc*i"J:5lc, ft«t»»i2i:«lt*tm 

1 4 ¥«AftitR«WSRv^lBI«{t:KX 

2 3 a^atxiN?,oT\ &mmi*wm 1 2 bm&m » 
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*Sfc*<fttttt#«*l*. ^^1, 02 3 (b) It^Tjk 
•t£?\z. 3o^iMil 2frB^Htr4tt«EdS?&ft 

[01811024(a), (b) te, 3o^t#I 
*12(^9 ^W*5tf>*«*^* 1 2 (7)T*IC^^^ 
itR***SKV^lR«#»2 3 aiWWEU ^d*^ 
««fl«3f 1 2©T*^tt¥*&WttJtRm*36 5 (Sv^3B2 

^i^acT2o^tMCll /h^^fil 
*La*8tt*L*i\, «f *<o*«»»ttl l 2O09 

left, KfcA/iT«*3&s*CftV^©-C. P«3*8<D*ttflc** 

1 2£>Ie]9 ^4C6««*5oft*Sfeftv\ 0 

2 4 (b) tw^-fJ:5J-, l 2 

[0 18 21 ?lCLT, 02 3 (b) , 02 4 

(b) l^i"J:5*B|-SIE^^ — ^o»J» (XilfSK) £r 

[oi83i (is (onmizm) ^mmm<ommmm 

I^Tyxtli 017, 01 8 £l5l3TRIC«itSr=firL 
Tl^3&S, $5O^ii^ltMf2 0a, 2 0 
b tcft^T, ®«^J*;R«sp2S*9-- t?fc-5R«ft^5R 2 

0 0^£rfll;tTV^o 

[01841 025 (a), (b) 12, 3oGDag®<*^ 
#1 2 2&**ix«xR«fMWie 2 0l:ft«!LTV^5sp:ffi7 
^^WffiBXt^ffiB-C*)*. 02 5 (a) l^^i- 

1 2 ^%$€#R1 4 tOmiCtt, «*US*#:*C#l^ 

:^:J:ot^^6tPi^ 6 *o«A. 1U2 

5 (a) l^fipll, 3 0(7)»iMfl 2^!91 

[018511126 (a), (b) 11, 3 O60^m#^ 
S l 2 co 5 *>Mig^*mff^* l 2 ttR«*K* 2 01: 
jftftfeLTl^tf, ^#1*1112^11^12 
O^^glHTVN^T^^CD®f®0XI/¥®0Tfo^ e 

H^^ttX£*£Ctti'ta>-c, r^ss^gfm^* x 20 

0 9 (CflfeCS««iSoft3ftSfeftV\ *<0«*. 02 6 
(b) PSHio#««flcKX 1 2<0^**tt 

9 EtpmS: LfclK8Kas«jSS*i-5 r fc left So 
[0 18 61 wOct piCLT, 02 5 (b) , 02 6 
(b) l^tt5 48«/^-yo«W (XttMBE) £ 

[0 18 71 #*5, *Slli6«JRlCi3Jt 1 2 
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commfr^m 2 0 1 • (xnmm 

[0188] [r ^^-^omaicBB-r *<fi«>sait*«] 
tt-o*<, #i;tt4> /^7^77>ft, &&mTi/y~r 

[0 18 9] B2 7 14, ^JBKSr^-^T^-J-^iiffl 
4?lc. ^-^T^-r^Ort3atc#SO*m#S*l 2 

9 (3£i4SIS) i-*rifcJ:?u 

[0 19 0] HI 2 8 11, hT^-J-fcai 20 

ni&j&m<D£?\^ mmi>mtiz>mK#wmi 2 mm 

[0 19 1] )\*Tl/^<O&0t£Wk7^*r1- 

[0 19 2] [T^"#- « 
14, T>^^*s*il*«fc U-C#«(*»*^*««r»» 

[0193] tig (D-mmm) m 2 9 n> ± 

[0 19 4] *Kl»Btt0S1ttt* B2 9»c*i-±5 
tSttSLfcT^^S 0 r^-t-s ot^SjR^n 

[0195] ryxtso jc$*ix6?FH^o*3i^a 
trBiirr&mMBs 1 ts r^-t-commz&fe-rzn 
ttn 5 3 1 s mmm 5 1 «rtMi-*sBKtHM**B 54 50 
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[0 19 6] ::eog«l4, JEtw, 5 0^^{g 

V^7^rt5 0^Sl^tt**iJSUi-Sfc26O»|$ltt2Hg>J 
357 2 ttffl*ixfc«*^^ y< ^fc 5 W#*:*JB | J"*"^ 

fc»ofMHWj«7 3 1. Kuasiiftwo^^fe 

7^1- 5 0^31^10^6 1 ?M >-t e — ^>';^^^££• 
[0 19 7] r.©K«OlliffSrRWi-So 
[0198] Si*. ^ffitfcffSC 5 3 14, fe«a5 5 5 Ktt 

S , *«»tt*J»» 5 4 14. 7^5 0 O^IRtfKlf 
5 lit, T^^5 OO^SSSa^SOT^^^lRS: 
[0199] 7^ft5 0 14SHI ffl t UT fcgft i L 
m<t\*s 7yrtlrMi^l"CK$^tl^^, T 

[0200] j£jtTx o^mmmr^-rt l 

[0201] 4i\ aASIK 6 i &T>*r-T 5 o 

^^SI5fi"S:S:«tTV>-5o ^(Dti#>. mmis\1&6 l^b 
7>ft5 0lC«»*S*JxTt. 7^ft50^bi« 
IeIK6 l l^tt^ti^d-^^Jlb^v^ 

u^HftWffl7 114, 51^10^6 U^7 
yft 5 o ^ 7yrt5 0*c 
SW ^ ^ 5 ffi #0 u^/u^*- Sr ft ffi -r 5 r. t X* # 

[0 2 0 2] JfftttWJa* 7 2 (4, U^UftUias 7 1 2* 

5c Afr^l-i4. 7>rt5 0Offi]#l:J:oT7>'Tt 
5 0^^^lt$n5{t^-^^-<^^^ : 5^{-i4, 

v ^ tf iSiRittasfFSttB t- *> 5 wgij $ fc 5 
tt^^tttf»lft^t^l^*ttBl-ftv^4:«SlJ^?i^s 0 wtttc 
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s c 

[0 2 0 3] fUlMIVJff 7 3«\ ilf§lsl&6 1 
ftsaHt«*OW<ywi: % 7>ft5 0 Six S 

[0 2 0 4] -<>t 0 -y>^«^Ja5 7 al{f{Hl^6 
-3V^C\ iiA©K6 1 ^7>Tt5 0 irOfflO-O-f- 

[0 2 0 5] »*L<». *WHS, -T>-t 0 -^ 

5 3 triS^TT ^^O^JgORtf 9 ft 
U »«Ktl-«d«l«B5 4j3J:tWn«B5 l^iiUTT^ 

[0206] &*s, *wwu -Y^tr-^** 

fl^?rISL, MWttfcSSWr**— K-C. T>xx 

[0 2 0 7] B30H, T^-fmmkmfa&tefktD 
H«0— WSr^LTV^o B3 0m r@J 

v^ e Taj (1, tlffcSI i:Sr^LTV^ e 

tf, 13 O^ES^Cf of<-#I/57y7tIi!r^ 40 

[0 2 0 8] *H36«t8Ttt, E«ffl5 5fc*fl::tttt£ 
ntf-^CSo^T, T^xx5 0IC*3ttSS»tt#S 

08*1*, H3o ic^-r 3 r>(D&mv^tj>&%t(Dmm£m 
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[0 2 0 9] 4*5, JlIE^T^xx/^-^IS, 
TfcSo 

[0 2 10] H3 1 li. ilS^^m^r^U^^o — 
^(Omm^^th-t^c ^y-y^S 2X\*s T>y~-f~(D'&. 
fc««S (N=lfl«i) ^T>7tl:^t6 c * 

^v^srsasi-s. ^x^^s5T*ii, mj£\z£^xm 

[0211] N=2fl©*gi LTIRU^ 

f—^^ Sr. k&VZZo 
[0 2 12] rnfeo««IS*ttlE«»fc«Wft*iT.xv^ 
Sfc», *Rlr(ECT»*Uv«««i*««-f-«» 

i-mmzk \zmtR<Dmm\~*zmmi>&&£ixx\, » s r 
ftxmz&^xmm&&m*biscft vm-r^k h^imx 

fcS c 

[0 2 13] T^y^-t 5 0 ^r^ftffiT <t L 

[0214] tmrnrn* b ^f§^^ ^ % >^ 
it, T*hm\zmn&&£titzm&zm^zzk<b>x?z 
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[0 2 15] ftrftftJpJJSUffl 7 21*, £«LfcS5«iKffi-» 

T>7^5 0^fS]#l-J:oTr >^i-5 o-cgffi £*t5 
«#<Du^/uj&s*45»frtt:i4, #W#Jc*3«tsS«« 

[0 2i6] *nm&m(o%ifc&i&<ommmmk 

[0 2 17] flJ#¥U#J«B7 3 14, T^^5 Ofgfl^ 
K45. 

[0 2 18] >T^ f-^^WS? 414, T^f^S 
j&^j&^X^I^T, T>^-^5 0 i:5imiEl^6 1 t <04 

[0 2 19] #£L<I4, *|J»tt, -f Vtr-y 

[0 2 2 0] K««5 5J;il4, 7^5 0^1^: 
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[0221] 4*3. #«««^w^3^t5*rft^4o^Sv^r>' 

[0 2 2 2] *SB6»«^J:S ^l-mso^JS^ 

#*c 

[0 2 2 3] CM 1 0 (Z>|tl6»tt) 0 3 2 14, 

[0 2 2 4] *Xffi&tt<a£1tl4* K 9 JBfc*tt*>« 

(DS^n-^7 5a, 7 5 b, 7 5 c £fit;tTl^ 

±XI4 2o^«4-Ct> iV\ 

[0 2 2 5] *^Jfe^ffi«-^ttS^«RH-«i5 5 3, 
RW-IB»*fP 5 4 &U<iE«ffl5 5 5 ©IMRXttlMBtt, ff 9 
OjHj6»tt^^f4S*«R«-»5 3, HSttRW-fW»«5 
4Xt^lB««P5 5 0»f^XJ4«ffiilRl«Tfc«>o 

[0 2 2 6] «ltt»»w*3Vvr:fc, flJfttt-W^fc-- 

«lRltt^2pJSiJ*ft«rRW+S. 
3D [0 2 2 7] Si", 7yrt5 0?:Mffl7y7ti:l 
T«V^6»fr©»l»Oll*#llllcoV^RWi-S. 
lt»«fc*3^-C, afslHlK6 1**6)7^5 Otcigft 

aib*t, 7>rt 5 0 WM^ti?. , 

[0 2 2 8] ^LT, ^WW7 2l^V^, ii5Ji 

Rffi^i/^;^b7^Tt5 oo5S««|g(0»rRitti s 

40 n-:/7 5 a - 7 5 c lc£ oT 

S S^l- 14 , 4H&R l-*3 it £ S«« *o u^©W* fc 

ft, *> S >£B I- 4 it ixtfft fatt- B 4 v > 1 2RISU 

so [0 2 2 9] 4*3, U^<>H(«M»7 1^*5V^, aft Hi 
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Zf^-Zfl 5 a - 7 5 cTgff £nfcff W </U^O 

WW i^I^Aii 6 r 1 1 5 T f 5 c 
[0 2 3 0] fen, 7yft5 0^ltl7yfti:L 
T^V^-5*^tl|i, /P-^7 5a-7 5cfeffiV>f 

Oftfpjttt2pJSiJ-r5r^365-ct*o fcf£U /p-y7 10 
5 a -7 5 cT?Stt5fB#t>##Wlw«ffli-Sr tliRT 

[0 2 3 1] *HS£J£«ITI4, % 9 *>SllS»ffi<7>»*i;i 

SDAT, 5 a- 7 5 c T-gff 

5 T 5 0 <D«|fi]ttSr J: 9 KEITHS L55 c 
[0 2 3 2] (^11 ©HJfiJ&tt) El 3 3 14, 

[0 2 3 3] *Stlfi*tt^*3V^t, H$ttKttffi5 3* 
»tt»tHd»» 5 4 St/iEte® 5 5 <Otbf^XI4««tt, 

* 9 <7>mffi&m\z&vz>BUwtftt$ 5 3 . mmuttmm 

»5 4XlfE*»5 5©»fl£*fctt«ffiiW«Tfc*. 
[0 2 3 4] 3 i^^-r J: 5 l-s ^Hffi^JiO^B 
14. *«<DS«®K6 2&#Jfl3i-*c iiftlHl 
8§6 1 ^bOM§r7y7t5 0*^a«L^«. 

[0 2 3 5] ft»«Hft«03l{&[ElB 6 2 14, MM 

Sr*Mt £ r. t tc i o ras fe Jxs#«^ft^«tt £*<otif 
i4. i«@K6 hm^»wtn^immt: 

[0 2 3 6] *Hl£«ttH*3V^TI4. T>7^5 0 £ri£ 

5 o frmmm t lt/bv^ wina, rj-rw Lfc « 

v*-H^ »fS]tt % ^yt-yy7l^6f 
«r*J»JU T^7^5 0£g«fflfc LTJBl^*^ 
^«J^a«lHlK6 2Sr3pJffli-5r2:t>-C#So £ 

fc, *jtnt**ic^fc % moo«t»«©rt<, 

SrRittfllSofcfco^D-y 7 5 a - 7 5 c £riESi~5 

[0 2 3 7] JtfplttWSlJW 7 2 iCJaV^C* 
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fi:S : ^J^i-5©Sl4T^^^^^V^bn.^>m 
[0 2 3 8] £fc. fU«W9Jffi7 3JC*5V>T, T>^^ 

Jtfcifi-S^r, o©3W»oAffa$wws 

[0 2 3 9] £ fel^ -f^fcT— ? % s**K&Ml 4l^*5V^ 
-5l*T, 7^Tt5 0 £ii{ilH]g&6 1 tO^ >tf— >^>- 

[0 2 4 0] $f^u<!4, SiRitt, *U#i£. -f^tr— y 
««»ff»J»ffl5 4*3 < t^»8B5 1{CJ:D. T> 

« (x-*) ffl«»5 5l:fi«Sii5. 

[0241] (mi 2<Dmmmm) m3 4»4. ^^^{^ 

[0 2 4 2] *Wt»«lC*IV^-Ct3, »tt»ff»5 3. 

mmwcnmmu 5 4 &tfe«ff 5 5 <DW}i¥xnmmte, 

5 5£>»«r*l4«ffi fcB*Tfca. 
[0 2 4 3] El 3 4 ic^-T X 5 

14, mi lOHft^tttdSsttSu^^ftUiW? lt^^x. 
T> x~^^«rS57 6^^1^TV^5c *Hl£»16-0«, 
^»Oii(&|5]B6 2^J^-r5r<t$rfu^ir LTV>^, e 

7t50 ^&aHt Ufcff-^^^ CT^£fJ<Diifg(H]££ 6 2 
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[0244] *ni&mm\ztettz>tvw&m<omfem9& e 

<D««II]fc6 2 i: LTit, «;ttf, tBftM S w t \z 
spJffl-TSri: fc-C#S e 

[0245)111 o»j6««Ttts aisflrw*^ ^ 

»jE«BJ-fc*3&»53b»fc«aii-<b. Mil 

p— — MCfettS^XS^ST 1 6 CQft*?9 X 
-*#W£tTl\ ^r^STl 7©ftte9«^ x-^ 

So 

[0 2 4 6] 3MOfc*tlfc*3^Tt>. SlO^Mi 
tort <, «lRltt*U»J^fc«)0^n— ^7 5 a- 7 5 c 

[0247] ($13 (onm&m m 3 5 \t. 
p ^m-efcSo 

[0 2 4 8] *XlK7gtt£>£«tt« JB 9 <0*lfc»«i;:*5 
tt^lEifeas 1 l^^T, »««*Ofmffi5 6 Srffix. 
Tl^So ^Hffi^tSt^iSV^t, *ttSIHfll5 3, ^tt 
Rf+ftJ«SB 5 4 RtfRttfflS 5 5 (D»fPXtt«« i 
»9^Jtlt*ttlCS3»«»»»«-»5 3. VflfttttHM* 
g|5 5 4 3ltffB«ffl5 5 5 0»f^Xil««tW«-C*)5e 

[0249] *jHK»«i-ett, $11 nnmem t mm 
<D^mx\ r >y^r 5 0 * vxmm-r 

^g-gH^ftiflcg-^r. T>-7^5 0©«t8tf>A5Sr 

[0 2 5 0] ft*5. *IH6«1ftlw*3Vvrfc, IlOOl 
Wi^r<!:< s ftlRlttWiUOfcfe^^D-^ 7 5 a- 

7 5c £iag-r s r t So 

[0 2 5 1 ] [T^^v^-VKl ±f50T^^^Sr 
i^tglotHSMTIi, HI 2 9 K.^-f £ 5 
35 5 1 -^IRRtHMWffl 5 4ft if tf*3fc»ltft if 
SMWRttfcftTV^. ro^SftT^-^OJgftSrft 
^i-S/c^^>lEl^ (T>^"*-<Z)flE3SleItt) SrT^xi-i: 

[0 2 5 2] IS3 6I4. ^i:J:57yTti:, 
T ^-*"0«HtrlWWi"4iaK i: (Wk U:7 
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f+&5 5 3 , ^gf&frf&IWSfl 5 4 % ElftflS 5 5 , u^Mfc 
ffigB 7 1 , JtlRlttWS'JSP 7 2 . ftlfeHBUffi 7 3, 4 1st* 
-^^*JBU»ft^OT^^fW»lHlKSr$A/T?fet), 
#£L<I*, 9flrEIK6 1 SrVSX-CV^*, 
[0 2 5 3] 5 ^7>Tt^ya-/Hl 136 

fcSi-JBtt** (StWmiSSr^tp) ft if <D3£« 9 0 
10 ^a*ntftfflSn5. 7yrt^v ? a-;uSr»«t5 

iSMft»«^S»»^»bi-S. 
[0254] HI 3 7 (a) J2. [§3 6 0gS8C*^^ 

K-Ctt, ^14»«$r7>'Tt5 0 

3 7 (b) td^-TJipt-. T^^^-5 0^*lRltt©»V^ 
;£ft£r^fL£ii:So ilEOjE**— K-CW:, »#«3&*fe 
»*bn5tfiO*««*lfilt*ottlBti:, HI 3 7 
(c) fc.Si-J:5fc, JS««o*fii^»t»Rltt36 s ai< 

[0255] ($14 (omm&m) m 3 8 *jbmo 

T > r- jft« v * b H S 51 ft > ^ ^ cd fi?J £ ^ -r m ffi. B T* 
fcSe El 3 8 fc. fit. ^ y jfiSrfiJfflUfciiftV^^AiSfti 

4^ (Trunk Line O-Fiber) hftlfrt Z>&9L<D3t 7 T 
S I- i S 51« ^tT ft 5 * ojHHffi Mas»rt S ixT v ^ 

So ^lt, #aixttt7>f^©«jtti* 

iift^ »tb»IBoafflrft if rfc*s"Br«fcftoT 

So 

[0 2 5 6] *H«07^Ttlt JiiEOSM^ 
so T% *H«^)7>'ft^t5 7-i' iru^T^-fe^dSpl 
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[0257] §3 911 13 8 t , 

V^Att, *77^f^- *H — 10 OS: 

mi 0 1 S^^^LT3[V^^CJl«S^^T^P^:^^>^i»5S5Sl 
02^: SrftTV^, #SifeJl 10 111 IS^Sil, 

i£{f £*t4 pt^ryrtSi l i i fc, 7yft£ 
mi i iT»flrufc««flr*tr*«i-*4if«>«*«:* 10 

12h T>^-r^m 1 1 1 HitffiL 

1 2^^*1(6851 1 3t;iSM£n£*SiSli2£ 
S««l 1 4 fc, *^<>T^O«ifP*:««l-rSfc«>OM 
»»H5i, Stfe^l 0 1 fc3t7T>f^<-IBl 0 0 t 

rt^ e st, «hmi£i 0211 m&ogff, ant*: 

*t4 5*:«><E>7:^:J-££«1 2 1 ts 7^1112 

1 -cg« l ft wtLit * * * ir £ *r-r 5 g 
«*tea5 122^ r >-7^i£g 1 2 1 \zmm x^tzmm 20 

»f&#^Daitf^:feOS{tit*Sa5l 23h Qt*'^ 
^©■Mle«r««H-*fc*©l«»« 1 2 5 £ SrfiixT^ 

[0 2 5 8] 14 0J4, liMl 0 1 <0rt»*j£«rJ: t> 
»«H^i-^ny^HIIHTfc6. l^llc^T J: b fc % 
T 1 1 1 It T 1 1 1 a £ , T > 

x-J-sMfci 1 1 a0%Sftfrfl9a**fcti>07:<'7 s '-*- 
*>f*^l 1 1 bi:iaoTM^iXTV>^ ft*3, g 
A4HI«B1 1 211 131i, fiSt*TV^ 

(LNA) 1 3 2 ^SriE^J^2gi x oiE®LTfl|^^n 30 
Ti>£ c ftftftSIStttt l l 4fcli»]^<ill*i«J«tt* 

flr»t^a*tr«-frLTi«j««flr*«rfe*"i-*fcje)o$ 

1 3 4 35SiE«SixTV^ 0 3HBJIMI1 1 3ICI4, 
K^-f /<T>^1 3 5 t % 7 4A>9 136h S KA-T 
^137^ t^^Tls 1 ?! 3 8 t ^iE«£*xTi^ 

-^^^Kflr-9-*a«i 1 7h ^>^-7^-^^5i 

18h *7 7 ^^ h!7 — ^) lOOI^gg! 

SttSXSIlWWSBi i 9 tlc^oT«fiS:StLTv^o ft 

[0 2 5 9] *8fl©7^ttt, T>-^^^1 1 1 
atLTMVN^iX, filx.tf^oyh7^t I t , ©lo© 

[0 2 6 0] £i±o#nt£«is-ett. ttdSttasttfti:: 
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